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PEEITAO*, 


la presenting tlio Yearbook of tho Depsirtnient of Agriculture for 
1896 to farmers and others interested in the subject of agriculture, it 
is hoped that it may, in a measure at least, fulfill whatever expecta- 
tions have been aroused by tho tw'o preceding volumes. When the 
Annual Report of the United Stat(*s Department of Agriculture first 
appeared in this form, tho hope was exiiressed that future numbers 
of the book w'ould still more fully justify the new depai’lure. It is 
therefore hoped that no backward step is evidenced in tho present 
volume and that the work may indicate a steady grow'th toward the 
ideal which has been continually in mind, but which is as yet so far 
short of attainment. 

Tho Yearbook is in many respects uni<iue. A bound volume of 
over six hundred pages, imblishwl annually in an edition of 500,000 
coiiies, and for free distribution, there is not another publication like 
it. Its small beginning and enormous growth make its history an 
interesting one. Tho Agricultui’al Report, of which the Yearbook is 
the successor, was first luiblished in a separate volume as Part II 
of tho Annual Report of the t^mimissiouer of Patents. Tho volume 
in its original form was made up almost wholly of business reports 
for tho use of Congress, but when it began to be distributed to an 
incr<‘asing extent among farmers it became the custom to introduce 
into it, for tho benefit of its rural readers, ])opular pai)ers on agricul- 
ture or discussions of the re.sults of scientific investigations. In 1849 
the agricultural part of tho roi)ort had assumed such i)roporlions as 
to bo issued in a separate volume. Of this report in 1851, 110,000 
copies wore ordered, 100,000 of which were distributed by Congress. 
After the Diireuu became one of tho eight Executive Departments of 
the tirovernment, in 1889, the editions of the rejtort grc'atlj’’ iucrea.s(*d 
with the growth of the population of tho country and the development 
of its various agricultural interests, until now tho Yearbook is pub- 
lished in annual editions of half a million copies. 

In its gradual development, and as tho editions of the report in its 
old form grew still larger, tho book w'as more and more regarded as a 
popular report, so that the business and executive matter was reduced 
to the smallest possible proportions. Finally, in 1895, Congress passed 
a law (an extract from which appeara on tho preceding page) requiring 
that future annual repoi-ls of the Department should bo divided into 
two parts: (1) An executive and bnsino.ss report, containing “purely 
business and executive matter which it is necessary for tho Secretary 
to submit to the President and Congress,” ^nd (2) a volume made up 
of papers “specially suited to interest and instruct the fanners of the 
country,” and to include also “a general report of the o])erations 
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PBEFACE. 


of tlio Department for their information.” The executive report is^ 
published separately in the series of Messages and Documents, and 
the second part is published as the Yearbook of the Department of 
Agriculture, 

Confining our attention now to the scope of this volume, it will be 
seen that the report of the Secretary of Agriculture to the President 
fulfills the requirement of the law for a general report on the operar 
tions of the Department. The second portion of the volume is made 
up of a series of papers from the Dej)artmcnt bureaus and divisions 
and from some of the exi)erls of the agricultural experiment stations, 
discussing the results of their investigations in agricultural science 
or their trials in farm practice. With the object of making the book 
attractive as well as instructive, these papers are illustrated as fully 
as i^ossible, and are presented in the form of popular essays rather 
than as scientific reports expressed in technical language. While no 
attempt at systematic treatment of points in agricultural science has 
been made, it is intended that the farmer* who receives this volume 
and preserves it carefully with the volumes which have i>receded and 
will follow it, will in the course of a few years accumulate a fairly 
complete and useful libraiy of agricultural science and i)ractice. As 
a means of perpetuating in convenient form the agricultural statistics 
collected by the Department, an Appendix occupies tlie concluding 
portion of the book, in which these statistics are condensed, together 
with much valuable material, in the form of reciires and directions, 
with I'egard to horticultural practice. It has been the jriirpose thus to 
make the Appendix a vade mecum for the farmer, and the series of 
Yearbooks, which are thorouglily indexed for this puri)ose, a refer- 
ence library of increasing value to the agricultur ist. 

The undersigned has been assisted in the selection and editing 
of pajrers by many officers of the Doirartmcnt, but he is especially 
indebted to Mr. John Hyde, statistical export of the Department, for 
careful and skillful assistance in selecting and revising manuscripts 
and illustrations submitted for the book. 

The experience gained in the preparation of this and the two pre- 
ceding volumes of the Yearbook leads to the suggestion hero that a 
work of this scope, and published in such large editions, should have 
the attention of a board of editors with a corps of si)ecial writers. As 
a matter of fact, the material for this and the preceding books has 
been prepared by busy. scientific workers in the intervals of other 
duties, and has received only such editorial revision as was possible 
for an executive oflicer and one assistant to give it. While the work 
still falls far short of the ideal set for it, it is hoped that it will be 
accepted by the farming public as the best that can be produced 
under present conditions, and the hope and belief are expressed that 
those who take up the work here laid down will bo able to make it 
better with each succeeding number. 

Charles W. Dabney, Jr., 

Assistant Secretary. 

Washington, D. C., February i, 1897. 
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OP THE 

U. S, DEPARTMENT OF AGRICULTURE 


BEFOBT OF THE 8ECBETABT. 

Mr. PRESIDENT: 

The Secretary of Agriculture lias the honor to submit hi.s fourth 
annual report, covering tho doings of the Department for the fiscal 
year ending June 30, 1890, together with some recommendations for 
the improvement of its work and the extension of it-s usefulness. 

ADPBOPBIATIONS AND EXPENDITURES -SAVINGS. 

From March 7, 1893, to October 1, 1890, the United States Depart- 
ment of Agriculture disbursed seven million three hundred and five 
thousand six hundred and thirty-seven dollars and ninety cents 
($7,305,637.90). Of this sum, eight hundred and sixty thousand and 
nineteen dollai's and ninety-eight cents ($800,019.98) were paid from 
the appropriations for the fiscal year Avhieh ended June 30, 1893, and 
which aggregated two million five hundred and forty thousand and 
sixty dollars and seventy-two cents ($2,640,000.72). 

From this last sum were saved and covered back into the Treasury 
one hundred and eighty-four thousand six hundred and thirty dollars 
and forty-seven cents ($184,030.47). 

Of the 1894 approiirlatiou — for the fiscal year ending June 30, 1894 — 
which amounted to two million six hundred and three thousand five 
hundred dollars ($2,003,500), there were covered back into the Treas- 
ury six hundred and twenty-six thousand and thirty dollars and 
seventy-two cents ($020,030.72). 

From tho money appropriated for tho fiscal year 1895, amounting 
to two million four hundred and ninety-nine thousand and twenty- 
three dollars ($2,499,023), four hundred and eighty-six thousand dol- 
lars ($480,000‘) are unexpended. Thus, from tho appropriations for 
three years there have been returned to the United States Treasury 
one million two hundred and ninety-six thousand six hundred and 
sixty-one dollars and ninMoen cents ($l,296,C6JL.19),and there will be 


'In round numbers; accounts not yet closed. 
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a reiDalndor of four hundred and ninel/y thousand dollars ($490, 000*) 
from the appropriation of two million fivo hundred and eighty-three 
thousand seven hundred and fifty dollars ($2,583,750) for the fiscal 
year ending June 30, 1896. There will also he covered into the 
Treasury about two hundred and eighty thousand dollars ($280,000*) 
from the appropriation for the current fiscal year 1807, amounting to 
two million four hundred and forty-eight thousand five hundred and 
thirty-two dollars ($2,448,532). Tlius there will have been coviu’ed 
back into the Treasury since March 7, 1893, two million sixty-six 
thousand six hundred and six(y-ono dollars and nineteen cents 
($2,066,661.19) out of a total amount of eleven million one hundred 
ami seventy-nine thousand four liundrcd and fifty-fivo dollars and 
forty-five cents ($11,179,455.45) on hand and appropriated. 

Tliat these great economies Inavo been effected without in any way 
marring the efficiency of the Department work or unduly limiting its 
scoi)e is duo in a very largo degree to the apidieation of eivil-sei*vice 
rules both in letter and spirit. The wide extension of the civil-serv- 
ice classification under the law has been proved by experience to be 
not only a great help but absolutely indispensable to the maintenaneo 
of an economical and efficient administration of the public service. 

CIVIL SERVICE IN THE DEPARTMENT. 

Since March 7, 1893, the classified service has been extended until 
it includes every important permanent position in the United Stales 
Department of Agriculture. Reiiorts from the chiefs of bureaus and 
divisions since this classification are unanimous in juaising the 
enhanced value of the service rendered by their assistants and 
einx^loyces. In efficiency and economy the classification has very 
visibly improved the >vork. 

This Department has for its object the discovery, investigation, 
development, and utilization of the agricultural resources of the 
United States. IVimarily it is a scientific or technical Departiueni. 
Its most important agencies are its scientific liureaus, divisions, and 
surveys. There are two largo bureaus and twenty-two divisions, 
offices, or surveys. Of these, seven are administrative, eight tech- 
nical, and seven arc purely scientific. 

The Weather Bureau includes three business offices, six technical 
divisions, five scientific experts engaged in incioorological research, 
besides 154 observer stations and 52 signal stations along the coast 
and on the Great Lakes. 

The Bureau of Animal Industry includes two business offices, 152 
technical Btations engaged in meat inspection and quarantine work, 
and three laboratories for investigating the diseases of animals and 
the causes thereof. 


* In round numbers; accounts not yet closed. 
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* It is thus obvious that there are a great number o£ positions in the 
Department in whicli ordinary clerical poisons can not bo employed. 
There is hardly any work in the Department which can bo efficiently 
carried on under the old spoils system of a qiiadrennial change in 
office. The functions of this Department have little or no relation to 
political i>olicies or exx)edients. Its useful work should go ahead year 
after j^ear systematically, and be modified only hy the de^'^elopnlent of 
our agriculture and commerce. 

Holding these views, the Secretary has endeavored by every legiti- 
mate means to firmly establish the civil service of the Department 
uimn a basis of solid usefulness. 

STATUS OP THE CLASSIPIED SERVICE. 

March 4, 1803, there were two thousand four Iiuiidrod and ninety- 
seven (2,497) men and women uiion the pay rolls of this Deiiartment. 
But on November 1, 180G, there were only two thousand two hundred 
and seventeen (2,217) on the rolls; that is — notwithstanding an in- 
creased amount of work — there had been a reduction in the force of 
two hundred and eighty (280). 

In the classified service March 4, 1893, there were G98. Of that 
number there v^ere oxceiited from competitive examination 80, subject 
to noncomiietilivo examination 12, total 92; leaving subject to com- 
petitive examination GOG. 

On November 1, 189G, there were in the classified service 1,C58, 
excepted from comxxM ilivo examination 1, leaving subject to comixti- 
tivo examination 1,G57. Thus an increase of 1,051 xiei’sons subject to 
comi>etitivo examination has been made between March 4, 1893, and 
November 1, 189G, 

One of the hrst ac.ls of the xirescnt Secretary made tlio position of 
api)ointnient clerk of the Department subject to comi)etitivo examina- 
tion, bringing it Avillun civil-scrvi(‘e rules, and continued thereunder 
the present inenmbont, who had been appointed by the last Adminis- 
tration. 

Ollier places were l)rought in as rapidly as i)o.ssible. Now the clas- 
sified service includes all oflicers, clerks, and omx>loyeos of the Depart- 
ment, including the Chief of tho Bureau of Animal Industry, chiefs 
of divisions, superintendents, chiefs of offices. State statistical agents, 
exiierts; all superintendents of quarantine stations, inspectors, assist- 
ant inspectoi's, veterinary insx>ectors, inicroscoxiisis, assistant micros- 
coiiists, meat taggers, stock examinei’s, find live-stock agents in the 
Bureau of Animal Industry; all professors, forecast officials, local 
forecasters, observers, and all other officers and clerks in the Weather 
Bureau; all compositors, pressmen, folders, engineers, assistant 
engineers, firemen, messengers, assistant mesfiengers, and watchmen; 
but no messenger, watchman, or other subordinate can be x>romoted 
to the grade of clerk except after passing an examination. 
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Tho only persons not in the classified service in the Department of 
Agriculture are the Secretary, Assistant Secretarj^ and Chief of the 
Wei!ther Bureau. Those officers are appointed by the President of 
tho United States. The private secretary to the Secretary of Agricul- 
ture is the only person excepted from examination by the civil-service 
rules. Tho remaining 55C persons on the rolls of the Department 
November 1, 1806, were laborers, workmen, charwomen, and others 
in a subordinate grade. A great proportion of these 556 are rain- 
fall and river observers in the Weather Bureau, at salaries ranging 
from $3 to t25 per month, and their employment is intermittent. 
Every person ranking as a skilled laborer and skilled workman is 
now included in the classified service in this Department. 

NEW APPOINTMENTS. 

There have been three scientific divisions established during the 
last four years. In that time seven vacancies have occurred by death 
and resignations among the chiefs of scientific divisions. How were 
these important jiositions filled? Notwithstanding the fact that none 
of these positions was at that time included in the classified service, 
those in the new divisions were filled by the api>ointment of skilled 
scientists who had served the Deiiarlment under iirevious administra- 
tions. Five other vacancies were filled by iiromoting men in tho same 
divisions. Only two wore appointed from tho outside. 

The President of the United States has made two appointments in 
the Department of Agriculture since 1893. The first was that of 
Assistant Secretary. The gentleman chosen for that position, Dr. 
Charles W. Dabney, jr., is a graduate in agricultural chemistry, and 
had been ten years director of agricultural experiment stations in this 
country and eight years president of the University of the State of 
Tennessee. He never sought the position. Tho position, however, 
sought him with great vigor, and at last ho was persuaded to accept 
the same, and the manner in which ho has efficiently discharged all 
the duties thereunto appertaining has given great satisfaction to the 
country. 

The present Chief of the Weather Bureau was appointed after an 
examination for promotion to a jirofcssorship in the Weather Bureau, 
and after that was called to his present position. lie had served 
twentyyears as a Weather Bureau observer, and was promoted to the 
professorship after a very severe competitive examination, followed 
by a practical test of skill in forecasting the weather, held under the 
supervision of a board made up of Professors Mendenhall and Har- 
rington, Maj. H. 11. C. Dunwoody, of the United States Army, and 
the Assistant Secretary of Agriculture. 

After a service of about eighteen months the improvement in the 
forecasts of the Weather Bureau as to accuracy and utility demon- 
strates that the present chief is a very useful and efiBcient officer. 



REPORT OF THE SECRETARY. 


13 


A thorough canvass of the Department shows that about 1,000 
persons out of the total of 2,217 emijloyed are engaged upon purely 
technical or scientific work. An analysis of the last appropriatiox/act 
shows that out of the ^^2, 448, 532 appropriated for the Department of 
Agricultux’o, over $1,700,000, or about 70 per cent, was aiipropriated 
for scientific or technical as distinguished from the administrative or 
general work. 


DHtBCTOR OF SCIENTIFIC WOBK. 

There is one more step to be taken to complete the already nearly 
perfect system of civil service in this Department. Every chief of a 
bureau or division, except the Chief of the Weatlier Bureau, is now in 
the classified service. The Secretary and Assistant Secretary are 
appointed by the President. The 3 ^ therefore change with every in- 
coming Administration. There is, consequently, every four jj^ears a 
period of time when the Department is loft without a single adminis- 
trative officer to hold this vast and useful sjrstem together. But 
there should bo such an officer. Therefore, in this connection atten- 
tion is called to the communication sent to the Senate and House 
Committees on Agriculture, dated February 15, 189G, in which it is 
urged upon the legislative branch of the Government as a simple 
business proposition, needing no argument to support it, that this 
vastly important and comprehensive work, promoting, as it does, the 
development of almost every resource of our land and every industry 
of our iieople, our production at homo and our markets abroad, and 
concerning even the food and health of a large jxart of our iiopulation, 
for which $1,750,000 is annually exiiended, and in which nearly a 
thousand scientific and technical exixerts arc engaged, should have 
a iiermanent, broadl}’^ educated, and exiierienced scientific superin- 
tendent. 

No permanent and adequate direction and supervision is provided 
in the ixresent organization of the Department. It is not to be sup- 
posed that the Secretary of Agriculture, a member of the President’s 
Cabinet, oven if a farmer and an experienced executive, will necessarily 
be a technically trained scientific man. Even if he should be, he occu- 
pies the position only four ears, and thus scarcely becomes familiar 
with the difficult and complex work of the Department before he leaves 
it. The Assistant Secretary of Agriculture is subject to the same con- 
ditions. Because he must represent the Secretary in the Administra- 
tion, he must go with the Administration. These conditions, which 
are necessary and inherent in our system of government, it is not 
proposed to change. A Secretary and Assistant Secretary are both 
needed. But another permanent officer is needed to direct the work 
of the various scientific bureaus of the Depai^iment, under the gen- 
eral authority of the Secretary, and to give permanence to the policy 
of the Department. 
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NECESSITY OF SETTLED POLICY FOP SCIENTIFIC WORK. 

order to accopipUsh the best and most permaiumt results, this 
Department must have a settled policj^ with regard to all its scientific 
work. This Dei)artmeut has less relation to the general executive 
business of the Government, and less connection with what is usually 
called politics, tlian any other Department of the Government, In 
fact, the scientific work of the great bureaus, diviKsions, and surve^^s, 
above referred to, should be kept free from ijolitics to bo efilcient and 
impaj’tial to the interests of all. The numerous bureaus and divisions 
do not have under the i>reseut organization, in fact- can not have, the 
attention and direction whicli the interests involved demand. After 
a change of Administration the Department is practically headless, 
and to a great extent helpless, until the new Secretaries have had 
time to master the details of the technical work. Such a director of 
scientific divisions is needed tlicrcfore, if for nothing else, to carry 
on the scientific work of the Department from one Administration to 
the next. Is it conceivable that any groat manufacturing, railroad, 
or milling company, undertaking such difticult scientific woi'k, and 
using so much money and so many men, \vould provide for it no perma- 
nent scientific direction or supervision wliatever, and then change all 
the heads every four years, leaving the work ])ractically at a standstill, 
or, which is worse, entirely without direction or supervision, for six 
months to a year? The change of Administrat ion aflects the work of 
this Department oven more than it does that of othei*s, because its 
work is less of a routine character, is more iirogrcssive, changes more 
frequently, and thus requires constant direction to keep it usefully 
going. The bureaus and divisions of this Department can not do i^rac- 
iically the same thing year after year, as they do in the great Imsiiioss 
Dei)artments of the Government, but must, if they servo the people 
properly, do a new and difTercnt thing almost every month in the year. 
They tliereforo need constant assistance and supervision much more 
than do the divisions of other Departments. 

NEED OF AN ADDITIONAL EXECUTIVE OFFICER. 

Aside from these siiecial considerations with regard to the scientific 
work, the Department of Agriculture greatly needs another general 
executive officer. It has only two Secretaries authorized to take offi- 
cial action. There is no provision in the law.s for any officer of the 
Department to act in case of the absence of the two Secretaries, as 
there is in some of the other Departments. Either the Secretary or 
the Assistant Secretary has to be present in the Department eveiy 
day and every official hour during the year. 

The bureaus and divisions in Washington are, contrary to the pop- 
ular idea, much the smaller part of the Department of Agriculture, 
Outside of Washington there are 154 observing stations and 52 signal 
stations of the Weather Bureau. There are 162 meat'^inspection 
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stations in 40 different cities and towns in tlie country; 21 different 
quarantine stations for import cattle at points on the coast, tlio Cana- 
dian and Mexican boundary; 9 different stations for inspecting Export 
stock, and 10 for inspecting stock for Texas fever, making a total of 
nearly 200 stations in the Bureau of Animal Industry, which should 
have inspection and supervision oeeasionallj^ by the highest authority 
of the Department. The agricultural experiment stations, located in 
different Stales and Territories, and several exi)erirnent stations of 
the Department of Agriculture must be inspected by this Department. 
In addition to these, the Dei>artmcnt has many other agencies for 
studying soils, foods, and food dietaries, testing limbers, and collect- 
ing material illustrating our natural resources, scattei'od all over the 
country. The Secretaries or Director should bo in position to visit 
and examine the work of the various agencies foi: the puri)ose of in- 
forming themselves as to their uses and needs. In view of the great 
amount of business done, and of the large number of branches of the 
Department scattered all over the country, another executive officer 
is greatly needed in order to permit a better distribution of work and 
a more regular and tliorough 6ni>ervision of the outlying branches of 
the Department. The new officer hero asked for should therefore 
be authorized to act, when called upon by the Secretary, as a Second 
Assistant Secretary. 

The salary attached to the ])Ositiou should be sufficient to secure the 
services of a broadly educated scientific man, who has had the nec- 
essary exi>crienee in the administration of affairs and the direction of 
scientific work, and should bo equal to that paid for similar services 
in othei’ branches of the Government. 

These considerations were duly presented to the Senate Committee 
on Agriculture and Forestry, and the subject was held under advise- 
ment some time, wdth the result that Senate bill 3131, i^rovidirig for 
carrying the suggestions into i)ractical effect, Avas introduced, but it 
AA'as too late for consideration during the last session of Congress. 
The report of the Senate eoinmilteo rocommondiug the passage of 
the bill was aceomiianied by the testimony of soA^eral distinguished 
scientific gentlemen wdio had ai^iieared before the committee. It 
was also advocated in a great number of letters and memorials from 
institutions of learning and scientific men throughout the country. 
In view of the evident unanimity of the scientific world in favor of 
the establishment of the office of ‘‘Director in Charge of Scientific 
Bureaus and Investigations” for the Department of Agriculture, 
the estimates for the next fiscal year contain a recommendation for 
an appropriation for the salary of $6,000 per annum, to bo paid to 
whomever may be selected for this position. 

IKABHaUACY OF SALAHIHS OF HIGHER OFFICIALS. 

It is well to here reiterate the statement made in the report of the 
Secretary of Agriculture for 1895, that the salaries paid in this Depart- 
ment for* ordinary clerical work are out of proportion to those paid 
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scientific experts who render the highest type of intellectual service/ 
The chiefs of scientific bureaus and divisions and their skilled assist- 
ants dJ the actual thinking and reasoning for the development and 
elevation of agricultural science. These persons are not adequately 
compensated. Practical, scientific investigation of agricultural prob- 
lems is the i)rimary function of this department. The best ability 
and attainments can only be enlisted b}^ the offer of sufficient salaries. 
And, in addition to compensation, laboratories, equipments, libraries, 
and clerical assistance must bo generously furnished, in order to retain 
the highest character of skill and experience. 

The scientific organization of this deimrtment has been formulated 
during the last six or eight years. The average age of chiefs of scien- 
tific bureaus and divisions is 42 years and o months. The youngest 
chief is 29 years and the oldest ol years of' ag(i. Among these heads 
of scientific divisions and bureaus the longest term of service is 13J^ 
years. The average age of assistant chiefs is 31 years and 4 mouths, 
the youngest being 28 and the oldest 35 years of ago. The assistant 
chief longest in the service has been in the Department 5 years and 3 
months. The average duration of service of the assistants is only 2 
years and 4 months. 

The foregoing shows that tho Department of Agriculture is very 
generally officered by young men. This is suggested, not as a disad- 
vantage at the present time, but because it is x>roved by tho experi- 
ence of the past few years that these young gentlemen can not bo 
retained by tho Department at the present rate of compensation. 

Tho salary of a chief is now J?2,500, and that of an assistant ^51,800. 
These salaries are not adequate. It has therefore been recommended 
in tho estimates for tho next fiscal j^ear that tho salaries of chiefs of 
divisions be increased to $3,000, and those of assistant chiefs to $2,000. 
This recommendation is submitted in the interests of equity and in 
order to put chiefs of the Department upon an equality with scien- 
tific experts employed in other branches of the Government service. 
In the Coast Survey salaries of the i)rincipal scientific assistants 
range from $3,000 to $4,000. Geologists and chiefs of scientific 
divisions in the Geological Survey receive from $2,700 to $4,000. 
In this Department there is also precedent in the salaries paid 
professors of meteorology, in the Weather Bureau and in the compen- 
sation of Director of the Office of Exi)eriment Stations, already 
fixed at $3,000 per annum. These salaries may bo fairly compared 
with those paid scientific professors in tho universities, colleges, and 
other institutions of learning in the United States. Inquiry shows 
that the salaries of heads of scientific departments in universities and 
colleges in tho Eastern States range from $3,000 to $5,000, while in 
those institutions in the^reat popiilational centers, where the cost of 
living is enhanced, far larger sums are paid per annum. 

Salaries paid directors of experiment stations in the various States 
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Bhow 0faat tlxese officials aro paid in the Eastern and [Middle States an 
average salary of $2, 930. The same officers in tbe South Atlantic States 
average 42,800 per annum. In the Central Western States they are 
paid $2,550, and in the Rocky Mountain and Pacific States a little 
more than $3,100, and living exi)enscs in all of the localities referred 
to are probably much lower than in Washington. 

VALUABLE SERVICES LOST TO THE DEBAKTMENT. 

On account of the low' salaries paid for scientific and skilled services, 
the Department is constantly losing some of its ablest and best work- 
ers. The universities, colleges, and experiment stations, paying bet- 
ter salaries and oiTcring equal opportunities for useful work and the 
acquirement of national reinitation, are frequently taking the best 
men. Thirty- two leading scientific exxierls have left the Depart- 
ment during the last few years to take i>osition.s in other institutions, 
at a rate of remuneration averaging fully 50 per cent more than they 
received from the Government of the United States. Quito a number 
of scientists w'ho received under the Government from $1,000 to $1,200 
per annum only have gone to the service of colleges, universities, 
and private institutions of learning and corporations at salaries rang- 
ing from $2,000 to $3,000 ])er annum, with i>ossibilitios of still greater 
compensation. 

It is evident from the foi’egoing that the J^c^partiuent can not retain 
its needed share of learned and cxx)crieiiced exix*r1s unless it pays 
salaries eciiial to those gh'cii for similar servi(*es in tlic educational 
and commercial corx>orations of the country. 

INSPECTION OF ANIMALS INTENDED FOR FOOD. 

The Bureau of Animal Industry must continue to increase the 
number of its force in all of the great cattle and swine centers of 
the United States, if efficiency is atlaiiKHl and maintained. The 
ante-mortem and post-niorlem iuspi»etion of animals intended for 
food involves great labor and skill. The insx)oc1oi\s and assistant 
ins])Octors, whoso duly it is to look after and rciiort upon thovse 
eases, are in the classified civil service. No man can bo examined 
by the United States Civil Service Commissiou for either iii8X)ector 
or assistant inspector who does not — as a condition iireeedent to such 
an examination — first (ixhibit his diidoma from some reputable vetr 
erinary college. 

Of the fifty-one (51) in the iierformance of this particular character 
of inspection in the year 1895, fourteen (14) only had passed the 
examination, while of the seventy-seven (77) now employed, forty-six 
(46) have been taken from the eligible list C‘f the Civil Service Com- 
mission. This shows the steady grow'th of a legitimate and purely 
nonpartii^an service in this important Bureau. 

12 A 96 2 
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TaJbU slimcing total number of employees engaged in meat inspection only on 
tWth of June of each year and the number of these who were appointm upon 
certjflcaii 07 i by the Civil Service Commission, 
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IN(niKA8ET) EFFICIENCY DUE TO CIVIL SERVICE. 

The efToct of iilaciiipf tho foreo of the Bureau of Animal Industry 
within the classified service lias been very marked in increasing its 
efficiency and imi)roving its discipline. This is particnlarlj^ apparent 
with tho employees stationed at other cities than Washington. Tho 
decreased expense of the inspection work is largely due to this 
improvement in the force. Every iierson fcn^ls now that his standing, 
I'etention in the service, and chance of pi^omotion depend upon the 
interest which he shows and the care and fidelity with which his 
duties arc efficiently performed. 

On March 4, 181)3, there ivere seven liundred and eighty-ono (781) 
l)(u‘sons employed by this Bureau, but on November 1, 1890, there are 
only seven hundred and fifty-eight (758), notwithstanding tho fact 
that the work has more than trebled. 

Since March 4, 1893, one liundred and fifty-eight (158) iiorgons have 
boon placed in this Bureau from the eligible lists of the United Stat.(*s 
CHvil Service Commission. 

These fa(?ts demonstrate to tho consumers of the moat iiroducts of 
the United States at home and abroad that there is a scientific and 
careful inspcctiou made of all meats intended for interstate and for- 
eign commerce. The sanitary value of the system is be^^ond compu- 
tation . It protects health and life. Inspection will become so general 
and so perfect that not a single pound of unwholesome meat will find 
its Avay from tho United States to foreign markets, nor will any be 
sold at home which does not carry certification of inspection. State 
and municipal authorities are becoming more alert in cooperating with 
the United States authorities in their attempt to prevent the sale in 
gmat cattle and swine slaughtering cities of tho animals, carcasses, and 
meats which tho inspectors of the Bureau of Animal Industry have 
rejected and thrown out of interstate and foreign trade. 



EEPORT OF THE SECRETARY. 19 

• • 

A«T»-MORTEM INSPECTION OP ANIMALS AT ABATTOIRS AND STOCK 

YARDS. 

Following is a statement of the ante-mortem work at the abattoirs 
and stock yards. The figures in the first column approximate the 
actual number of animals inspected for abattoirs having Govinmineut 
inspection, and include those inspected in the yards for such local 
abattoirs and those insiiocted at the abattoirs in cities where there is 
no yard inspection. The second column gives the additional nnm]>or 
of inspections in the yards on animals not purcjhased for the olficial 
abattoirs in those cities, and does not represent the actual number 
inspected, for the reason that as the inspection is made at the scales 
and the animals may change hands several times, being weighed on 
each occasion, the sann^ animal may pass the inspector more than once. 
The number of animals rejected as unfit for food may be ascertained 
by adding the number condemned at the abattoirs, both anto-mortc^m 
and post-mortem, and the number condemned post-mortem in the 
stock-yards inspection. 

Ante-mortem imped ion. 


\ 

Animals 

1 Nnmbor of imspertions. 

1 Animals cond<‘miif‘tl 

For official 
abattoirs 
in cities 
where the 
inspection 
was made. 

For abat- 
toirs in 
other cities 
and miscel- 
laneons 
buyers. 

Total. 

At abat- 
toirs. 

In stock ! 
yards. 

' 

I Total 

Catilo 

4,(rAon 

8,479,613 

7,529,633 

238 

23,1113 

23,a56 

Sheep . 

4,710,190 

1,008,094 

6,318,284 

092 

12,533 

13,225 

Calves 

j.n3,57r> 

101,271 

314,846 

47 

3,790 

3,8:17 

Hogs 

i4,;5oi,ooa 


21,754,836 

11,889 

39,092 

50,981 

Total 

~jFi7jrr5^7ao 

[ ~~12’ Wlf^O* 

3.5,917,479 

""isTsr 

76,538 



Last year the number of animals inspected for abattoirs having offi- 
cial inspection was 18,783,000, and the total number of ante-mortem 
insiiections made was 23,885,721. There has been an increase in the 
liast year, thcrefoj*e, iu the number of animals inspected for abattoirs 
wliore inspection was maintained of 4,402,739, or nearly 24 per cent, 
■which is duo i^rincipall}’’ to the extension of the inspection to sheep, 
which had not before been iiossiblc. The increase in the total nnmbor 
of inspections is 12,031,758, or over 50 i)er cent. 

■pOST-MOKTEM INSPHCTION OF ANIMALS. 

Following is a table showing the number of animals iiisi)OCtcd at. 
time of slaughter and number of carcass(‘s and parts condemned : 

Post-mortem inspedion. 


Animals. I 

1 

1 Number of inspections. 

1 Carcasses condemned. 

Parts of 
carcasses 
con- 
deiimed 
at abat- 
toirs. 

At abat- 
toirs. 

On ani- 
mals con- 
demned 
in stock 
yards. 

Total. 

] 

At abat- 
toirs. 

Stook- 

jrards 

inspec- 

tion. 

Total. 

Cattle./ 

Sheep X 

Oalvettt 

Boge^ 

Total..*. 

3,985,484 

4,039,796 

256,906 

14,350,191 

9,977 

3,546 

931 

28,038 

3,995,461 

4,633,342 

257,836 

14,278,219 

4,886 

2,794 

276 

81,178 

3,871 

1,641 

761 

15,011 

8,757 

4,335 

1,037 

46,189 

6,798 

242 

33 

83,930 

571^,376" 

'42, *483’ 

23,164,858 

39, m 

21,184 

~**ci73iT 
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Last year the number of post-mortem inspections reported 
18,883,276. 

Thdi^ewere 13,289,680 quarters and pieces of beef, 328,689 carcasses 
of hogs, 161,959 sacks of pork, 3,616,896 carcasses of sheep, and 
183,686 carcasses of calves tagged or otherwise marked as inspected 
meat. Of these there were exported 1,030,334 quarters and 16,818 
smaller pieces of beef (equivalent to nearly 260,000 cattle), 849 car- 
casses of sheep, and 3,281 carcasses of hogs. 

The meat-inspection stamp was affixed to 3,697,701 packages of beef 
and 6,034,166 packages of hog products; 63,313 of the latter contained 
microscopically examined pork. Tliere were issued 15,211 certificates 
of inspection for meat products, of which 3,481 were for microscop- 
ically examined pork. 

There were sealed 11,855 cars containing inspected meat in bulk for 
shipment to establishments having Governmeut inspection and to 
other places, 

COST OP INSPECTION, TAOOING, ETC. 

The cost of this work was $341,456.25, or 0.95 cent for each ante- 
mortem inspection, and covers the expense of all subsequent work of 
post-mortem inspection, tagging, stamping, and issuance of certificates 
of inspection. In 1895 it was 1.1 cents, in 1891 it was If cents, and in 
1893 it was 4| cents. 


Table sJwuing number of abattoirs and cities xrhere inspection teas maintained 
during the fiscal years given. 


Fiscal year. 

Number 
of abat- 
toirs. 

Number 
of cities. 

1802 - ! 

38 

12 

1803 

87 

16 

1894 - 

46 

IT 

1895 

65 

19 

1896 ’ 

108 

26 





MICROSCOPIC INSPECTION OF PORK — COST. 

The following table shows the exports of microscoi)ically inspected 
pork, 1892-1896; 


Fiscal year. 


1803 

M03 

1894 f. 

1895 

1896 


To countries 
requirinjr 
Inspection. 

To countries 
not requiring 
inspection. 

Total. 

Founds. 

Founds. 

Founds. 

23,025,006 

16,137,176 

«S.162,874 

8,059,758 

' 13,617,052 

29,677,410 

18,845,119 

16,592,818 

aMa7,037 

39,353,290 

5,739,308 

45(D9«,fi08 

21,407,321 

1,403,550 

22,690,280 
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* Tke exports for 1895 were unusually heavy, but if we compare 1896 
with other years it will be seen that this year’s shipments to coun- 
tries requiring the inspection were greater than in 1893 ancF 1894. 
The shipment of microscopically inspected pork to countries not 
requiring this inspection has been intentionally discouraged xipon 
grounds of economy. 

There were 469,025 carcasses and 510,355 pieces examined, making 
a total of 979,380 specimens inspected by the microscopical force. 
Eleven thousand one hundred samples contained trichinm. 

The cost of this inspection was $60,485.93, an average cost per 
specimen of G.18 cents. 

Last year the number of specimens examined was 1,910,415 (almost 
double the number this year), and consequently the average cost was 
less, being 4.9 cents; in 1894 it was cents, and in 1893 it was 81 
cents. 

The cost of the microscopical inspection per pound of inspected 
meat exported was 0.204 cent; in 1895 it was 0.2 cent, and in 1894 
0.248 cent, 

Kotk. — The cost per pound, as given above, was obtained, as heretofore, by 
dividing the cost of the work during the year by the number of pounds exported. 
This method is objectionable, because the true average cost per pound can not 
be found by it, for the reason that the meat examined during one month may not be 
exported for several months. To illustrate this point: During the first six months 
the cost was?! 9,848, 93; pounds exported, 10,493,180; last six months, cost, $40,637.01; 
pounds exported, 13.408,700, making an average of 0.19 cent for the first period and 
0.83 cent for the last. From this it would seem that the meat examined during 
the latter part of the fiscal year was intended for shipment during the next year. 

INSPECTION OF VESSELS AND EXPORT ANBIALS. 

There were during the j’ear 819 clearances of vessels carrying cattle 
and sheep. All of these vessels were carefully inspected as to fittings, 
space, and other accommodations for live stock before a clearance 
would be authorized. The number of certificates of inspection of 
export animals issued was 1,393. 

Below is a statement showing the inspection of domestic cattle and 
sheep for export and the number exported for 1806 and previous 
y eai’S : 


Fiscal year. 

Cattle. 

Slioep. 

Number 

of 

inspec- 

tions. 

Number 

re- 

jected. 

Number 

tagged. 

Number 

ex- 

ported. 

Number 

of 

inspec- 

tions. 

Number 

re- 

jected. 

Number 

ex 

ported. 


815.883 

657,756 

725,348 

611.543 

1,808 

1,060 

184 

293 

877,689 

834,330 

860,580 

380,670 

865,845 

8?4,399 

868,585 

289,240 

733,657 

704,044 

18 r >,780 

893 

179 

433,003 

850.803 

85,803 
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During the year the number of Canadian cattle exported horn 
American jmrts was 1,482; number of Canadian sheep, 10,512. hsuBi 
year there were 1,834 cattle and 38,873 sheep from Canada. 

The percentage of loss in the shii>ments of cattle and sheep to Lon- 
don, Liverpool, and Glasgow, whore inspectors of this Department are 
stationed, is about half that of last year. The number of cattle 
inspected after landing was 348,833; the number lost in transit was 
1,107, or 0.32 per cent, against 0.G2 per cent last year and 0.37 per 
cent in 1804. The number of sheep inspected was 389,534, and 4,587 
were lost on the voyage, a percentage of 1.16, comi^ared to 2.7 in 1895 
and 1.29Jn 1804. 

The cost of the export inspection and the Texas-fever work, which 
includes the inspection of live stock imported from Mexico, was 
$107,273.07. Taking half of this sum as the amount chargeable 
against the inspection of animals for export, the cost of inspecting 
the 787,048 cattle and sheep exported would be $53,636.54, or 6.8 cents 
per head. Last year the average was 7.74 cents, and in 1894 it was 
10.75 cents per head. The number of individual inspections made 
on these animals was 1,540,539 in this country and 738,367 in Great 
Britain, a total of 2,287,906. This gives an average cost of 2.34 cents 
for each inspection, against 2.60 last year. 

SOUTHERN CATTLE INSPECTION. 

During the quarantine season, from February 15 to December 1, 1895, 
47,082 cars, containing 1,224,715 cattle, from the infected district were 
received and inspected at the quarantine pons in the various stock 
yards, and 45,390 cars were cleaned and disinfected under supervision 
of the inspectors. 

Orders issued by the Secretary of Agriculture modifying the regu- 
lations governing the importation of live stock admitted cattle from 
Mexico, after inspection, for immediate slaughter or for grazing IhjIow 
the quarantine line, subject to the regulations applying to the native 
cattle of the infected district. Under these orders there wore 219,814 
Mexican cattle imported and inspected during the year. 


INSPECTION AND QUARANTINE OF IMPORTED ANIMALS. 

The number of animals imported and rjuaranl iii(‘d during the year 
was as follows : 


Quarantine station. | 

Cattle. 

Sheep. 

Swine. 

St, Denis, Md - 


45 


Garfield, N. J 


^65 

20 

Littleton, Mass 


7 


Vancoboro, Me 

1 



Newport, Vt 

10 



Buffalo, N.Y « 

880 



Port Huron, Mich - 

10 



Total 

405 

817 

( 

m 
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lliere were also at the Garfield station 12 camels, 1 goat, and 1 deer, 
making a total of 816 imported animals held in quarantine for the 
prescribed period. 

The number of animals imported from Canada and insi)Octed not 
subject to quarantine was 317,038 sheep, 216 swine, 151 cattle, and 2 
deer. There wore also inspected 2,168 sheep, 42 hogs, and 3 goats 
imimrted from Mexico. 

For the purpose of coinxiarison the following table is given: 

Tabic showing ihc number of animals inspected for abattoirs having inspection. 


Fist'al y(‘ar. 

Cattle. 

CalveH. 

Sheep, 


Total. 

1891 ^ 

83,801 




83,891 

1892 

3,167,000 

69,089 

583,361 

1 

3,800,4.59 

1803 

3,922,174 

92,947 

870,612 


4,8a), 633 

1891 

3,862,m 

06,331 

1,020,764 

7,604,860 

12,944,056 

1895 

3,752,111 

109,941 

1,344,031 

13,576,917 

18,7^3.000 

1890 

4,050,011 

213,575 

4,710,190 

14,301,063 

23,275,739 


PBODUCER SHOULD PAY COST OF INSPECTION. 

In the interests of i)ublic health there should be Government inspec- 
tion of all animals intended for human food and of all meat products 
prepared for consumiition in the United States and abroad. The pro- 
tection of the health of its citizens is an unquestioned function of 
Government. But when the assurance of such i)rotection is given by 
a Government certificate to be placed upon the product of any slaugh- 
terhouse or butchering establishment, it enhances the value of that 
product by creating a demand for it which uninspected meat does not 
enjoy. Therefore the Government certificate of insi>ection declaring 
any meat or other food wholesome and edible enhances its value over 
that which is not certificated. For this enhancement, which the pro- 
ducer charges up to the consumer, the producer ought to pay. 

It is not the duty of the Government to maintain the Bureau of 
Animal Industry at great expense to all the people in a manner to 
give direct pocuuiarjT' benefits to only the few who produce and pre- 
pare meats for market. For this reason it is urged that the law icla- 
tive to meat inspection should be so amended as to have the work 
carried on carefully and efficiently by the agents of the Burciiu of 
Animal Industry, and the cost of iiisxiection assessed against all those 
whose meats and other animal products are inspected and stamped 
as wholesome. It is generally admitted that the market price of 
inspected meats runs from one-eighth of a cent to 1 cent i>er x>onnd 
higher than that of meat of apparently the same quality which has 
not been insxiected and certificated. This proves the value in luiblic 
estimation of governmental supervision and inspection, and as the 
consumer gladly pays the enhanced price it is only fair that the pro- 
ducer should pay for the work which caused that inace. The moment 
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the Government demands pay for its services from those to ^om 

they are rendered meat inspection will become universal at flie gtmt 
slaughtering centers of the United States. 

Many of the larger proprietors and packers have signified their 
willingness to have their animals, meats, and meat products rigidly 
inspected and passed upon by Government agents at their own 
expense. They wisely say: “The consumer will pay for it at last.” 

From the foregoing it is reasonable to conclude that a properly 
drafted statute might make the Bureau of Animal Industry not only 
self-sustaining, but also a legitimate source of internal revenue, with- 
out doing injustice to either producers or consumers and without put- 
ting any appreciable burden upon cither. 

THE CATTLE AND HEAT TBADE OF GREAT BRITAIN. 

The people of Great Britain consume annually about 109 pounds of 
meat for each person, and 75 per cent of that meat is produced in the 
United Kingdom. The remaining 25 per cent of the meat food of 
the United Kingdom is imported. During the fiscal year 189C, 120,000 
tons of live animals have been taken into the United Kingdom. In 
addition to that, there were imported 110,000 tons of fresh meat, either 
chilled or frozen. Besides the latter, 43,000 tons of salted meat were 
received by the English. During the same period of time the home 
product of meat was 827,000 tons. Thus the total consumption for 
the year in the United Kingdom was 1,100,000 tons. 

There is a constant increase of the live-stock trade with Great 
Britain. The English prefer the live animals rather than their car- 
casses. The reason for this is found in the freight charges. Ships 
which have been fitted up for cattle, swine, and other animals can 
return with merchandise of all sorts for freights; but the refrigerated 
ships — those which take chilled and frozen beef to Europe — ^are not 
adjustable for other freights on the return voyage and have therefore 
to come home in ballast. The consequence is that the advantage of 
a lesser freight for chilled and frozen meat tlian for live cattle is 
more than overcome by the fact that there is f requently no opportunity 
for paying return cargoes. 

In addition to that, there is an insurmounlablo prejudice on the part 
of the British consumer agiiinst carcasses slaughtered in other coun- 
tries and shipped to England as chilled or frozen meats. The English- 
man prefers to see the animal alive and to liavc it slaughtered in 
England. 

The United Kingdom imported during the last year 31,000 tons of 
live mutton. During the same period frozen or chilled sheep carcasses 
were taken amounting to 119,000 tons, salted mutton 24,000 tons, while 
there were produced 356, 600 tons of mutton within the United King- 
dom, making a total production and consumption during the yeiwr in 
Great Britain of 630,000 tons. 
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It irill be observed that frozen-mutton shipments are far larger in 
proportion to the live-sheep shipments than the live-cattle are to the 
ehiUed-beef shipments. Nevertheless there is a distinct tendency 
toward Increasing shipments of live sheep, notwithstanding the great 
distances of the chief centers of supply from the English market. 

Tlie live meat arriving in the United Kingdom during the first six 
months of the year 1896 was supplied as follows : By the United States, 

75.10 i>er cent of the cattle and 45.26 i>er cent of the sheep; Canada, 

9.10 per cent of the cattle and 3.27 per cent of the sheep; Argentina, 
15.50 per cent of the cattle and 50.60 per cent of the sheep; while all 
other countries furnished 0.30 per cent of the cattle and 0.87 per 
cent of the sheei). 

During the same period of time, ending June 30, 1806, dead meat 
w’as supplied to the United Kingdom in the following proportions: 
The United States 8ui)plied 81.30 per cent of the beef and other coun- 
tries 18.70 per cent. Germany sui)plied 0.22 per cent of the mutton; 
Holland, 4.20 i)cr cent; Argentina, 26.53 per cent; Australasia, 69 per 
cent, and other countries, 0.05 per cent. 

SHEEP AND CATTLE FROM ARGENTINA. 

Argentina, it will be noticed by the table of live animals, shipped a 
larger proportion of sheox) than the United States, and at the same 
time tlie Argentine shipment of cattle exceeds that of Canada. It is a 
thirty days’ voyage from Argentina to British ports. There is, there- 
fore, a considerable Avasto in weight, much loss of animals by death, 
and enhanced freight charges, but the British public demands live 
animals, and this demand overcomes the in(*reased cost of freight and 
the consetiuent enhanced price to the consumer, which is willingly 
paid. A mutton carcass killed in England brings about $4 more than 
the same quality of mutton which has been killed abroad and is 
taken into that market frozen. Shipments of live sheep from Argen- 
tina have been very satisfactory to English consumers. 

Cattle from Argentina are inferior to those from the United States. 
They are not as largo, avcII graded, or as well fattened. There is, how- 
ever, a constant improvement in Argentinian herds, because they 
are steadily introducing the best thoroughbred bulls from England, 
France, and the United Slates. The breeds most sought for by 
Argentinian cattlemen are the French Durhams, English Shorthorns, 
the Hereford, and Scotch Aberdeen Angus. And while the stock 
growers of Argentina are thus improAung their cattle they are not 
unmindful of their sheep flocks, but are constantly introducing 
among them Romney Marsh, Leicester, Oxford Downs, Shropshire, 
and Lincoln rams. 

AVHOLESALE PRICES OF DRESSED MEATS IN LONDON. 

The folloAving table (p. 26) shows the av^orage wholesale prices of 
dressed meats at the London Central Meat Market during the years 
1895 and 1806, per 100 i>ounds. 
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Average wholesale prices of dressed meats at the London Central Meat Market, 

1895-06. 


• [Per 100 pounds.] 


! 

Product. 

Pirst^g^arter, 

Second quarter, 
18^. 

Third quarter, 
im. 

Year 1895. 

Boof : 

Dollars, 

Dollars. 

Dollars, 

Dollars, 

Scotch Hhort sides 

11.60 to 13. 37* 

12.13 to 13. 13 

13.13 to 13. 60 

12. 87* to 13. 62* 

Scotch long sides 

10.50 to 11.35 

10.75 to 11.35 

11.87* to 13 25 

11.50 to 13.12* 

English prime 

10.60 to 11.25 

10.50 to 11. 00 

10.50 to 11. 86 

11.26 to 13. 12* 

Cows and hulls 

Amcricau— 

5.00 to 8.00 

5.00 to 8.00 

6.25 to 7.50 

6.75 to 9.25 

Bi r Irenhoad killed 

8.60 to 9.35 

8.25 to 9.85 

8.50 to 10.3b 

10.00 to 10. 75 

Deptford killed 

Rofrigeratod hind 

8.60 to 9.60 

8.00 to 9.60 

8.50 to 9.50 

10.00 to 11.00 

quarters 

Refrigerated fore 

9.00 to 10. 00 

0.50 to 10. 60 

10.00 to 11. 00 

10.75 to 13. 13* 

quarters 

5.76 to 6.26 

5.00 to 6.00 

4.75 to 6.50 

6.60 to 7.60 

Argentina 

Australian— 

6 50 to 8.25 

6.60 to 8.00 

6.00 to 7.00 

8. 75 to 10, 35 

Frozen hind quarters. 

4.75 to 5.35 

6.25 to 5.75 

6 50 to 6.50 

6.50 to 7.00 

Frozen fore quarters. 
Mutton : 

4.00 to 4.35 

3.60 to 4.00 

3.00 to 8.25 

4.76 to 5.00 

Scotch prime 

13.13* to 13. 37* 

13 37* to 14. 00 

13.13* to 14. 63* 

14 37* to 15. 37* 

English prime 

11.50 to 13. 12* 

11.75 to 18. 37* 

11.00 to 13. 37* 

13.37* to 14.63 

Ewos 

Oci'inan 

8.35 to 10. 00 

10 25 to 11.25 

8.25 to 10. 25 
11.75 to 13. 50 

10 00 to 10.85 

10.25 to 11. 60 
13. 13* to 13.13* 
7.90 to 7.75 

New Zealand frozen 

6.35 to 7.75 

5.60 to 6 76 

6.00 to 7.25 

Australian frozen 

4.50 to 6 00 

4.25 to 4 60 

5.00 to 6.78 

6.5(i to 6 00 

Bivor idiite frozen 

Lamh : 

4.25 to 5.00 

4.35 to 5W 

5.25 to 6 76 

5.50 to 0.00 

English 

18.25 to 23.00 

16.60 to 19, 60 

14.00 to 16. 50 

16.63* to 19.35 

New Zealand frozen 

Veal: 

10.60 to 13.37* 

8.75 to 10.00 

9.00 to 9.60 

8.60 to 10. 00 

English 

Pork ; 

14.00 to 10. 00 

11 25 to 13. 75 

10.75 to 13. 36 

13.37* to 11 35 

English small 

£ngli!>h medium, large, 

9.00 to 10. 00 

9.00 to 10. 75 

8.35 to 9.25 

10.00 to 11. 00 

and foreign 

7.00 to 8.75 

i 7.00 to 8.60 

1 

7,00 to 7.75 

8.00 to 9.60 


THE HANDLINC; OF FROZEN MEATS. 

Each year tliere is visible imxiroveinent in the methods of defrost- 
ing meats in European markets. Frozen mutton from the antipodes 
and from Argentina reaches the retail butcher shop in bettor form and 
appearance than formerly.- This groat industry has been developed 
under adverse conditions to shii)pers, because of their inability to 
obtain fairly remunerative prices. First-(dass English butchers will 
not handle frozen meat at all in some of the larger cities. Itis^ there- 
fore, relegated to small shops in cheap neighborhoods where low prices 
obtain. All efforts upon the part of shiiipers and sellers have failed 
to break down English prejudice against such meats. They do not, 
therefore, in the form of*frozen mutton or frozen beef seriously com- 
pete with the live shipments of cattle from the United States. But 
they do really compote with cheese, bacon, and pork. t 
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LIVE-SHEEP SHIPMENTS. 

The growth of the live-sheep shipments is interesting. The United 
Kingdom took during the ye«ar 1893, 62,682; in 1804, 484,597; in 1895, 
1,065,470, and during the first nine months of the year 1896, 614,855 
heiid. This slight falling off for the present year is owing to the com- 
pulsory slaughtering on landing and consequent impossibility of fat- 
tening the sheex) on English pastures. In previous years foreign sheep 
were pastured in Great Britain, and, after being fitted for market, 
sold at toj) prices as English. 

The enormous imports of beef and mutton to the United Kingdom 
are an absolute necessity. Domestic production lacks that much of 
supplying the demand. The utmost capability of meat production 
has pi’obably been reached in the United Kingdom, but the popula- 
tion continues to augment and the per capita consumjption of meat 
increases with each year. Nevertheless, the imported animals and 
moats are looked upon Avith suspicion by the Government, with jeab 
ousy by the farmers, and with mistrust by some of the consumers. 

From January 1 to September 30, 1896, Great Britain received a 
greater number of cattle than ever before taken in during a period of 
niue months. It even exceeded the number taken in during the same 
jAcriod of the j’oar 1894. 

The business of sui)X)lying the English market with meats is full of 
risks and vicissitudes, and therefore requires large capital. This 
Avhole trade is concentrated at present in a very few hands. The 
number of shipi)ers from tlie United States may bo counted ux)on 
one’s fing(*rs. During the first eiglit months of the year 1896 the 
business has been unsatisfactory and only barely remunerative. 
Prices have advanced considerably with the progress of the year, 
especially for tox^ <*attlo of prime quality. 

Cattlo Avoi’o sent from the United States to Liverpool during the 
early autumn at ^5i6.08 a head fi'oight. Charges from the River Plate 
were $25.55 a head in the early part of the present year, but were 
reduced to $15.81, and oven to as low a figure as $14.60, during the 
present autumn. J^OAvering rates stimulated sliix)iuents. Great Brit- 
ain fumislicH, as a rule, betAveen the months of May and September 
enough natlA^e stock to loAver prices of American and other imi)orted 
cattle. 

Among the parliamentary enactments of 1896 was a bill for com- 
polling the slaughter of all animals at the i^oint of debarkation. This 
act, hoAA^ever, made no change in practice, as, under dox^artmeiital 
orders, such slaughtering had been carried on for some j^ears. 

QUALITY OF COMPETING CATTLE PRODUCTS. 

Cattle from the United States have for a I6ng time been arrhung at 
English ports in such perfect condition that there is neither need nor 
desire to*further fatten them before killing. It is not the same with 
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Canadian cattle. Evidence from agents of the United States Depart- 
ment of Agriculture from Birkenhead, from Glasgow, and from Bris- 
tol is tjoncurrent to the effect that the quality of animals from the 
United States is far superior to that of those received from Canada. 
At all the points named Canadian cattle have been found shori in 
weight and poor in quality. The same fault is found with animals 
from South America, Corn-fed animals from the United States have, 
however, proved very superior and achieved some notable triumphs 
during the year. About one-third of the South American cattle, 
shipped to London and Liverpool in 1896 from the River Plate were 
sold at from 5 cents to G cents per pound. 

These were mostly wild pampas cattle, which suffer very much on 
the voyage over the ocean, and do not begin to feed until half the dis- 
tance to Liverpool is covered. Nevertheless there are quite a number 
of River Plate cattle bred specially for British markets, and pastured 
and afterwards stall fed after the American method, and these are 
said to compare favorably with the cattle from the United States as 
to weight and quality. South America has shipped animals of such 
inferior quality at times as to have made great loss, and it is clearly 
proven that it pays to ship only the very best grades and quality of 
beef cattle to the United Kingdom. 

The present prospect for good prices for American beef in the 
English market is not encouraging. Supplies are abundant and low 
freights prevalent. Under these circumstances only moderate profits 
may be hoped for in the futAire, even if the English market retains 
a healthy tone and steady demand. 

Tlie exclusion of United States and all other foreign cattle from 
the Continent forces practically all of the surx)lus of the United States 
Into Great Britain and tends to keep prices down for the English 
consumer. 

During the last twelve months American cattle liavo uniformly 
arrived on the other side in good health and condition. Only forty 
or fifty head were condemned at Glasgow as suffering from Texas fever. 
It would perhaps be of advantage to American shippers to especially 
study the Glasgow market. In that cit> cattle from the United States 
compete with the very highest quality of BritisJi animals. During the 
year 1896 it has been admitted that American cattle have been the best 
of all those landed at that iiort. They arrived in good condition in 
winter as well as in summer, and their quality is admittedly very supe- 
rior. The Glasgow people seem to have a preference for animals shipped 
from Baltimore, which are mostly Shorthorn crosses, though in the 
autumn quite a large number of Polled Angus cattle arrive there. 
Light-weight, smooth-finished steers during the warm months of sum- 
mer will pay the shipper ^he best profits in the Glasgow market. It 
has been shown to the Department that the highest prices and the 
highest praises have been bestowed upon beef from the United States 
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in tke Glasgow markets during the year 1896, but it must be admitted 
that those meats were sold as “prime Scotch’’ or “ English ” joints. 

Prices of many American cattle are lowered because of th^ deep 
branding on their hides. It has been estimated that 10 per cent has 
been deducted from the value of some animals because of the brand- 
ing upon them. 

MEAT IMPORTED BY GREAT BRITAIN. 

The meat producers and packers of the United States can learn 
from the following tables the quantity of meat taken into the United 
Kingdom of Great Britain, and also the sum total of the aggregate 
which has gone from this country during the last four years and the 
three first quarters of the year 1890: 

QTiantity of meat imported into the United Kingdom during the four years 
189^-1895, and nine months of 1896. 

[Fltpures given arc for thousands, throe ciphers (000) being omitted ] 


Meat product. 

1892. 

1893. 

1894. 

! 

1895. 

1896(9 

moB.). 

Bacon : 

Cwt 

Cwt, 

Cwt. 

Cwt. 

Ofvt 

From United States 

2,890 

2,177 ! 

2,662 

2,649 

2,070 

From other countries 

985 

1,022 

1,128 

1,414 

1,853 

Total 

3,881 

3,109 1 

3,090 

4,063 

8,423 







Salted— 






From United States 

' 267 

188 

235 

212 

180 

From other conn trios 


13 

7 

8 

5 

Total 

275 

201 

212 

220 

185 

Fresh— 

1 





From United States 

1,9515 i 

i 1,490 

1,775 

1,649 

1.548 

Prom other countries 

128 

818 

329 

642 

832 

Total 

2,080 ! 

1,808 

2,104 

2,191 

1,880 

Hams: 






From United States 

1,131 

921 

1,075 

1,203 

984 

From other countries 

122 

67 

55 

86 

133 

Total 

1,253 

988 

1,130 

1,289 

1,117 

Meat, unonumcrated : 






Salted or fresh— 






Prom United States 

21 

22 

34 

87 

42 

Prom other countries 

130 

150 

150 

200 

165 

Total 

iS” 

178 

190* 

237 

207 

Preserved otherwise than by salting— 






Beef 

509 

380 

291 

471 

284 

Mutton 

C» 

84 

113 

200 

106 

Other sorts 

103 

121 

150 

185 

142 

Total 

800 

591 

654 

856 

532 

Hutton, fresh : 






From Holland 

105 

197 

200 

167 

122 

From Australasia 

977 

1,187 

1,440 

1,672 

1,461 

From Argentina 

in 

516 

586 

! 716 

1 006 

From other countries 

87 

71 

70 

67 

6 

Total 

1,700 

1,971 

2,290 

2,8U 

2,18T 
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Qimniit'y qf meat imported into the United Kingdom, ‘Continued. 


^ Meat product. 

1892. 

1893. 

1694. 

1895. 

1890 (9 
znos.). 

Pork : 

Salted (not hams)— 

From United Stat«*M 

Cwt 

163 

Cwt. 

Ill 

Cwt 

150 

Cwt 

m\ 

Cwt. 

99 

From other coun tides 

00 

76 

75 

97 

94 

Total 

228 

187 

225 

230 

198 

Fresh— 

From Holland 

93 

120 

134 

W 

148 

From Belgium 

23 

25 

81 

37 

17 

From other countries 

17 

37 

16 

13 


Total 

132 

i{«r 

181 

288 

167 

Rabbits : 

From Belgium 

i 

89 

83 

86 

86 

48 

From other countries 

19 

— 

21 

22 

34 

53 

Total 


104 

108 

! 120 

101 

Total moat 

1()7o08 

~ 1)7^ 

!§ 1 

1 

'127o95 

“"’97^ 


Note.— Cwt. - 112 pounds. 


BRITISH IMPORTS OF I^IVK ANIMALS. 

In connection witli the foregoing, the appended table shows how 
many oxen, bulls, cows, and calves have been landed in Great Britain 
from foreign i)orts during the same period of tinn^ : 

N'umhrr of live animaU (for food) imported into the Ihiitcd Kingdom, in the years 
1S93, 1894, 1895, and the first nine months of 189G, 


Animals. 

1893. 

1894. 

1895. 

1896 (9 
month, s) 

Oxen and bulls : 

From Canada 

81,233 

80,450 

96,747 

71,670 

From United States 

248,825 

381,657 

276,307 

308,159 

From other countr ies - 

7,000 

9,687 

41,383 

60 394 

Total 

3:17,063 

471,704 i 

413,337 

430,223 

Cows : 





From Canada - - - 

1,C90 

1,808 

za 

1,673 

Prom United States 

CO 

265 

81 

101 

From other countries 

1,1 rj>2 

1,380 

1,615 

1,069 

Total 

1 2,908 

3,513 

1,880 

2,903 

Calves : 

From Canada 

3 

6 

12 


From other countrie *. 

71 

128 

336 

101 

Total 

_ 

133 

318 

162 

Oxen and bulls . . - , 

”“3:17,067 

“irlTTbr 

413,837 


Cows - - - 

2,008 

74 

3,513 

133 

1,880 

348 

2,903 

102 

Calves - 

Total cattle- ® 

iUO,(4l5 

475,440 

415,565 

439,238 

Sheep and lambs 

02,082 

484,597 

1,065,470 

614,855 

Swine 

138 

8 

821 

» 

1 
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AMERICAN SHEEP IN ENGLAND. 

American sliecp (luring the year 189G have been landed in Liver- 
pool in greater numbers than during any i)receding year. Tliey have 
consisted largely of corn-fattened muttons, and nine-tenths have been 
of superior quality. 

The profitable market for mutton in England api)ears to have 
encouraged sheep growing and fattening in many of the Western 
States. Although prices fiuctuato considerably, being regulated ])y 
the supply and i>rices of native English mutton, there is, as a rule, 
only a difference of about 3 cents per x>onnd between the best English 
and the best United States mutton. This is not because of Eng- 
lish x)rcjudicc against the American article, but because many of tlie 
sheep from the United States, having been rapidly fattened on corn 
prior to s1iix)mont, show sometimes 80 i)er cent of their added weight 
to be tallow, while the flesh (Englishmen d<'clnre) is flavored by the 
corn feed. 

American yearlings and 2-ycar-olds command practically the same 
price as English sheex) of the same age and quality, and have sold 
during the x)r<‘sent year at from 14 to IG cents i)er xmund. 

It was, howevei', the misfortune of American shippers, notwith- 
standing the increased vigilance and rigor of the insiiection of animals 
for export, to have landed during the year 189o-9G a few lots of sIkm^p 
in Liverpool and London affe(*t.ed with the vseab. It is quite poasible 
that this disease was generated by infected ships upon whicdi diseased 
slieoi) had been sent from Argentina and other countries, and then, 
without pr<)x>er disinfection, Imd been put into the carrying trade 
bct’Nveen the United States and Enroi^e. It is, however, believed that 
if sheep are wet and crowded during a voyage, scab may be generated 
by those conditions. 

The Glasgow market finds fault with American sheci), and also with 
Canadian, by declaring them too big and too fat. The Scotch want 
medium weights, and fur them will i)ay high prices. Foreign markets 
demandfsoine other breed of shecqi for mutton than the Merino and its 
crosses, and those looking to jn'otitablo ventures in this line should 
secure the best mut ton breeds of sheep, which, when the}" are landed in 
as good condition as American cattle, will soon have as high a repu- 
tation and bring as remunerative figures. 

IMPORTS OP HOG PRODUCTS. 

Great Britain continues the largest purchaser and importer of swiue 
flesh and hog products in the world. 

In 1893 British consumers took from foreign countries 3,000,000 
hundredweight, over 3,600,000 hundredweight in 1894, more than 
4,000*000 hundredweight in 1895, and nearly 3,500,000 hundred- 
weight during the first nine months of 1896. This year will, there- 
forei show a large increase in consumption. It is noticcabjo that 
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wliile there was an increase of 800^000 hundredweight in 18iNS ower 
1893 the value fell from 141,260,000 to $38^500,000. 

Shif>ments from the United States of these products are pretty 
steady and average 2,500,000 hundredweight a year. American pack^ 
ers are not participating in the profits of the growth in consumpticn 
of swine flesh and hog products in Great Britain as much as they 
ought to, because they do not cure meats especially suited to the 
English demand. But their Danish and Canadian competitors are 
increasing their shipments into the United Kingdom eveiy year. 
This is because the packers of Denmark and Canada arc carefully 
catering to the taste of the English consumer. Eighty x>er cent of the 
entire Danish product finds market in England. The cost of swine 
at the packing houses in Denmark is given at C cents a pound live 
weight, with a dockage of 20 per cent on refuse, together with 28 
pounds of bone. The freight on the product to London is only $7.30 
per ton, and the price realized is about $11 per 100 pounds. 

Irish packers are more damaged by Danish competition than are 
those of the United States, and the great abattoirs of Ireland are 
advocating improvement in breed of swine for that country, and also 
in tho methods of curing the meat for market. 

GKOWTH OF DANISH PA(^KtN(^ BUSINESS. 

An indication of the growth of the Danish 2 )acking business and its 
possible effect upon competitors in tho English market is submitted 
from tho Ulster Curers’ Association, and roads as follows: 

Prior to 1886 tho bacon-curing industry was practically unknown in Denmark, 
Since that time the Danes have not only learned tho business of curing bo as to 
pleaso the most fastidious English markets, but havo introduced from England 
and established a breed of pigs exactly suited to the wauls of the curer in point of 
leanneis, with tho result that the feeder gets tho utmost price possible from the 
curer, and his loss through raising overfat, unsuitable meat is reduced to an 
absolute minimum. In other words, rearing and feeding of pigs are conducted 
on scientific principles. Success has been achieved through tho dlasemination 
through tho agricultural districts of Denmark of tho knowle^e of trained experts 
acting with State aid and under State supervision. 

Grants have been made by tho Danish Government, through tho Eoyal Danish 
Agricultural Society, for the purchase in England of swine of the best breeds 
and most suitable for crossing with tho native stock for the prodnctioni0f pigs for 
curing purposes. The disbursement of tho money granted has been in Hoib hands 
of experts, who made frequent visits to England, purchasing stock from the best- 
known pedigree horde of the country. In addition to the money thus expended, 
the Danish Government adds subventions to railway and steamship companies, 
and supports experts qualified to instruct the bacon factors in the better prepara- 
tion of their product for the English market. 

DOW PEICB OF AMERICAN BACON IN ENGLAND. 

Our bacon soils for l&s money in the English market than of 
any other country. The reason for this is found in its overtetooss 
and taltness. When bacon prices are depressed, the lower gradea are 



REPORT OP THE SECRETARY, 


33 


proportionate!}^ more depressed than the higher. Therefore American 
bacon ranges from about 2 cents per pound wholesale below Con- 
tinental and Irish bacon and about 3 cents below English ba<5on. 
American bacon in the English market will bring a bettor price Avhen 
it is prepared with a view of meeting the tastes and deniands of Eng- 
lish people. But to-day American packers merely dump their over- 
flow x>roduct upon the English market for what it will bring, and 
leave the higher prices to English, Canadian, and Danish packers. 

American hams are held in higher estimation than bacon and hold 
their own in competition with all other countries, so that in quanti- 
ties shipped and in prices hams and pickled i>ork frf)m the United 
States are equal to the same products from other countries. 

AMERICAN HORSES IN ENOLANB. 

In the year 1893 Great Britain took 13,707 American horses. In 3894 
the same purchaser received from the United States 22,860 horses, 
and in 1895, 34,092. But during the first nine months of the year 
1896 there had been shipped from the United States to England 34,042 
head of horses. Shipments by Canada have increased during the same 
period of time in about the same ijroxiortion, while sliipments from the 
Continent of Euroxie have fallen otf materially; so that it may now 
safely be claimed that the United Kingdom looks to America for all 
the horse supjdy which she once purchased xmneipallyfroin Germany. 

American horses are now in steady demand for omnibus, street-rail- 
road, and eab services, and for the use of traders who k(Hq> drays, vans, 
and carts for the collection and deliveiy of goods. English bretnlers 
arc turning their attention chiefly to Inacks, huntei's, and lieavy draft 
horses. Large, coinf)actly built, healthy draft hoi*sos are high in 
price, with a constant market. The demand for tln^se animals is on 
a(*count of the omnibuses, cabs, and trucks, and those from the United 
States are growing in favor. The strongest retjommendation for 
American horses is their staying qualities — their powers of endurance. 
Horses suited to cab work bring from $55 to $100. A b(dter class of 
animals commands readily froni $125 to $150, and the average i)rice is 
not below or above those figures. 

Draft horses from the United States are in great demand and the 
trade in this style of animals may greatly develop, as the American 
draft horse is regarded as of better action and life than most of the 
native breeds. During the summer of 1896, in English markets, these 
animals have sold at $250 to $280 a head, but they were of ib’st-class 
quality. The veterinaiy superintendent of the city of London com- 
mends the American stock of horses in that market very highly. All 
horses from the United States and Canada are inspected under the 
direction of the British Board of Agriculture upon their debarkation 
at any English port, and thus far during the year 1896 the sanitary 
condition of animals landed has been reported very good. 

12 A 9(1 8 
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AMEBICAN APPLES IN ENGLAND. 

TJie season begins in England for apples in August, when the 
donieslie crops come into the market. At this time the stores are full 
of other fruits^ and apxdes are comparatively neglected and bring low 
prices. It sometimes happens that a very large crop in Spain and 
Portugal will result in limited shipments to England during August 
and September, but witli this occasional exception the supplies are 
confined to the home iiroduct. The Spanish and Portuguese apples 
are of inferior quality, and bring only the mochu'ato price of from 
to $1.75 per hundredweight of 113 i>ounds. The bulk of the English 
apples in average years would sell at about the same rate, superior 
kinds bringing much higher prices. In ordinary seasons English 
apples are to be seen in the English markets up to the end of January. 
Ill 1895, however, the crop was deficient both in quantity and quality, 
and was practically used up liy the beginning of October. The mar- 
ket was thus loft clear for United States and Canadian fruit, wdiieh 
is the chief, indeed practically the only, source of supply during the 
winter. As usually Iiaxqiens, our earlier shipments were not repre- 
sent ative in quality, and brought low prices. 

Our iiackcrs send their fruit forward in barrels which not as a 
rule not quite 100 pounds. Our European agent has heard complaints 
that there is a tendency toward a decrease in the size of the barrels, 
and 11) is is a mistake from a business i>oint of view. The Canadian 
ban*els weigh gross about 1^ hundredweight (say 1C8 pounds) and 
net 130 to 1 10 iiounds. When xicoide sec Canadian Baldwins quoted 
at $2.60 to $3.25 per ])arrel and United States Baldwins quoted at $2 to 
$3, they are apt to consider this evidoiico of suxierior quality and higher 
price for tlio Canadians. It is, lioweA'or, merely the difference in the 
weight of the barrel. 

rUEFEURKI) VAKIiCTlES. 

The big bulk of the shii^iiients consists of the Baldwins, Northern 
Spys, and Greenings. Our Baldwins are finer and larger than the 
Canadians, but they are not so hard and not such ‘^good keepers.” 
They range as a rule from $2.50 to $3.50 for Canadian barrels, and $2 
to $2.75 for American. It is not believed in England that these prices 
will be quite established during the winter of 180G-97 on account of 
the immense crop re^jorted to have been gatliered in the United States 
and Canada. 

The Greenings are not so attractive in appearance, but they have a 
firm hold on the English market for cooking i)urposes, more esi)ecially 
in the north. Good, clear, unspotted Greenings bring in the ordinaiy 
season from $2.50 to $3.50 per Canadian barrel, an extra i)rice being 
paid for large apples. Special importance is attached to size in the 
case of Greenings; buyerfj A^illingly pay cnhanc.cd prices for large 
specimens, as a rule cooking them in the form of dumplings. Sma.ll 
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Greenings would easily fall olf a dollar a barrel in i)rico, and thus 
render the shipment unrcmuncrative. 

N’orthern Spys usually bring about the sanae prices as the Bald^vins. 

Freights to London, Liverpool, Glasgow, or Bristol are approxi- 
mately $1 per barrel, and all charges, including auctioneer’s commis- 
sion, would be covered by 25 cents. All apidcs are sent on consign- 
ment to brokers who effect sales by auction. The business is cash 
on delivery, and if the auctioneer gives credit it is at his risk, and not 
at that of the seller. The Department representative in England is 
X)repared to give inquirers the addresses of respectable consignees in 
the principal seaports of Great Britain. 

Tlie S£)itzenberg is a good, reliable apple, appreciated in the English 
market, and it brings about the same price as the Baldwin. Indeed, 
nearly all red-colored apples bring about the same prices. 

Russets are liked and sell at about the price of the Baldwin. Golden 
Russets, if carefully selected, would bring from 50 to 75 cents over the 
average. The tendency with Golden Russets arriving in England is, 
hoAvcver, toward such a small size that they do not make over average 
prices. The Roxbury Russet is also a favorite. 

Apples of superior varieties, like Ne\s^town or Albemarle pippins, 
and Biipcrior ai)plc8 of onlinary varieties, may bo depended upon to 
bring their value. Twenty-ounce Pippins, Cranberry Pippins, 
“Kings,” and Ribstones, for instance, of largo size and good color, 
would mnge from $3.25 to $4.50 i>or Canadian barrel, when good 
Baldwins were selling for $2.50 to $3.25. 

SUGGESTTOXS TO SHIPPERS. 

Any apple of good oolor and fair size wdll sell in England if sound, 
but the profit is made in sending something better than the average. 
It costs no more to send a fine barrel of apples across the Atlantic than 
to send a medium barrel, and the return is bettor. The utmost care 
should be livken in the selection of the fruit. “ If you discard a shil- 
ling's worth in packing, you may l>ctlcr j^our i>rico 2 shillings,” is the 
saying of a London broker. The fruit sliould 1)0 so packed that it 
can not shake together. It should arrive tight. If buyers find a bar- 
rel that rattles, it wi.ll reduce values from 25 to 50 cents, even though 
the contents be entirely uninjured. On the other liand, care should 
bo Uiken that the fruit be not pressed too tight, for if the top layer is 
bruised or unduly flattened it reduces the i)rioe from 50 cents to $1. 
A few consignments have reiM^hed England in boxes from time to 
t ime, but there is no apparent advantage in boxing, though Tasmanian 
apples are thus forwarded. In a good season “fancy brands” of 
apples of excei)tional quality and appeayanco might perhaps be 
advantageously shipped in small boxes, but 1 lie fruit must bo very 
special oy the enhanced cost of the small boxes is not recouped. 
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SCONOICICS FOR THE FARMER. 

Agricultural colleges and experiment stations are teaching the 
science of agriculture. But they are not generally teaching farm 
economics and tlie importance of markets. Science is constantly 
showing the farmer how to increase the annual product per acre in 
cereals and other staples, but the great question confronting each tiller 
of the soil is howto secure satisfactory remuneration for the results of 
his toil. In view of this, it is a legitimate function of the Department 
of Agriculture to place before the farmers of the United States as 
many facts and figures relative to markets as it is possible to obtain. 

WORK OF THE SECTION OF FOREIGN MARKETS. 

In furtherance of this design, the Section of Foreign Markets was 
organized on March 20, 1894, for the purpose of collecting and dis- 
seminating information calculated to assist in securing a more extended 
market abroad for the agricultural products of the United States. 
The work of the section, with this object in view, is twofold in char- 
acter. It comprises not only the i)ul)lication of a regular series of 
bulletins and circulars, but also the furnishing of information in 
response to special inquiries. Eight bulletins relating to as many 
different countries, viz, the United King^lom of Great Britain and 
Ireland, the German Empire, France, Canada, Netherlands, Belgium, 
Norway, and Sweden, have already been issued, and bulletins upon 
Denmark and Mexico are now in course of preparation. Each country 
is treated with a view to its possibilities as a customer of the United 
Stales. 

The natural resources of the country are described in some detail, 
and also the character and extent of the leading productive industries, 
but more esi)ecial attention is given to the subject of foreign com- 
merce. A detailed statement of the i>rincipal articles of merchandise 
imported and the various sources from which they are received is pre- 
sented, together witli such infoi-mation regarding customs duties and 
regulations, equivalents of foreign weights and measures, rates of 
exchange, etc., as may be of service to American producers seeking a 
foreign market for their products. Aiipended to each bulletin is a 
series of reports received through the medium of the State Depart- 
ment from our consular representatives abroad. These consular 
reports are designed to set forth such opportunities as exist for 
increased trade with the United States, and they frequently contain 
information of great value to American exporters. 

In addition to the bulletins described, the Section of Foreign Mar- 
kets has thus far issued ^ten special circulars upon subjects affecting 
our foreign commerce. The statistical data presented in the bulletins 
and circulars of the section are derived as fai* as possible from the 
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official publications of the countries treated, and to render their sta- 
tistics more readily intelligible, foreign moneys, weiglits, and measures 
are converted into their equivalents in the denominations used fti the 
United States. 

An imx>ortant part of the work of the Section of Foreign Markets 
consists in sup^dying information in response to tlie many inquiries 
that are receiv(3d relative to tlie extension of our foreign trade. 
These inquiries cover a wide range of investigation, audit frequently 
entails a large amount of labor to supply the information desired- 
Among the sources of inquiry to which information has been fur- 
nished may be mentioned otlier Departments and offices of the Ctov- 
ernment, Ucpresentalives in Congress, and (yongressional committoes, 
boards of trade, chambers of commerce, and other commercial and 
agricultural organizations, and newsf^apers and periodicals devoted 
to agriculture or trade. 

The numerous requests for information received by the section and 
the large demand for its xjiiblications serve in a measure to indicate 
the imporlauce of the work tliat it is attempting to perform. 'J'he 
rapid development of the agricultural resources of tlio United Slates 
has resulted in an annual production far in excess of the consuming 
capacity of our population. To such a degree lias 1 he siiri>l us inci’eased 
that its disposal is fast becoming a grav^o x)roblem. The logical 
solution lies in the extension of our markets beyond the sou. To 
aceomxdish this in the faei^ of the keen eomixdition that other great 
producing countries ai e pj cparcd to oHer, an accurat(i and thorougli 
knowledge of the conditions to be met is quite essential. The inves- 
tigation oC these (jonditioiis and the ditfiusion of the information thus 
acquired <*>omx)rise the work for which the Section of Foreign Markets 
was created. 


WORK OP THE WEATHER BUREAU. 

During the last twelve months marked and valuable imxirovemenl s 
have been made in the Weather Bureau. Ac^curate fon^casts of the 
weather are the most valuable service rendered by tliis Bureau to the 
general public. Htorm warnings, forecasts of falling temperature, 
and predictions of other atmosxiheric changes and phenomena have 
been very satisfactorily and oftentimes perfectly verified during the 
liast year. More than 10,000 cities, villages, and towns have been 
added to the list of beiiehciaries of the Weather Bureau service in 
the same time, and expenditures have been less than foi* any twelve 
months during the past fifteen years, except one, in which they were 
substantially the same. 

New and ingenious inventioiis have been furnished to the princix)al 
observer stations for the purpose of expeditiously priutiug, iu a more 
legible manner, the daily Weather Bureau max>8 which are 
the loading cities and towns of the country, while the methods for 
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distributing the useful information furnished by the Bureau have been 
greatly perfected and extended, through the mails, to the smaller 
villages and post-ofSces. 

A Weather Bureau service especially for the benefit of the cereal 
growers has also been established, so that now the area producing 
that staple is served in precisely the same manner as those vast areas 
which produce cotton. 

TIMELY WARNINGS. 

Warnings have been heralded and signals displayed throughout the 
country well in advance of all the cold waves of any intensity which 
have occurred during the year. The value of such warnings was 
especially appreciated when the severe cold wave which swept, between 
January 1 to 5, 1890, from the northern liocky Mountain region soulh- 
Avard to the Gulf of Mexico and eastward over all the States along 
the Atlantic Ocean was forecasted and afterwards verified. Con- 
gratulatory acknowledgments from commercial bodies and from 
shippers of perishable merchandise indicate a saving through the 
various storm warnings similar to the fibovo of several millions of 
dollars. Warnings of api>roaching cold waves of intense freezing 
power enabled owners of perishable property to protect their com- 
modities ill time, and the warnings thus rendered inestimable benefit 
to commerce. 

Hurricane forecasts have been given to pcoifio along the Atlantic 
Coast several times and with the best of results to shippers and shij)- 
ping. Three severe West India hurricanes swept the coast of the 
United States from Florida to New England and two others passed off- 
shore, but sufficient!}’' near to seriously endanger the craft just leaving 
I)ort. Twenty-four hours or more in advance of each of these storms, 
danger signals announced their coming. Not a single vessel was lost, 
an<l comparatively little property Wiis destroyed belonging to those 
who heeded the waitings. On the Great Lakes a similar system has 
been inaugurated and succcssf ully operated. In the harbor of Buffalo 
alone during the last winter a total of more than 150 vessels, aggre- 
gating millions of dollars in value and having thousands of persons 
on boards wore detained in port by the Woatlicr Bureau forecasts, 
without which every one of the vessels would have been jeopardized 
in iierilous storms. 

No very great floods have occurred in or along our big rivers during 
the i)ast year, though the sudden melting of the snow at the head 
waters of the Allegheny caused a moderate freshet in the Ohio River 
in the latter part of March and in the beginning of Ai)ril, 1896. A 
warning, however, had been issued by the Weather Bureau and pre- 
vented much loss of property. During July of the last summer 
unusually heavy rains |)revailed in the South and Middle Atlantic 
States which caused floods in the rivers of Virginia, North Carolina, 
and South Carolina. From those States the W eather Bureaif received 
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i-eports sliovriiig a saving in slock, crops, and mcrclaandiso on llic low- 
lands ainonnling to tlionsands of dollars, and also slating Ibai vast 
valiK^s of logs and other property on those rivers wore 1 ike wis<f saved 
as a result of the timely admonitions. 

The Chief of the Weather Bureau shows in his annual report that 
the average verification of forecasts during the year was 82.4 x)cr cent. 
This is an improvement of 2 per cent over the previous year. The 
Bureau continues its investigations in the science of meteorology. 
Prominence has been given during the year to the subject of aerial 
investigations. Much work has been devoted to the development of 
appliances for iipi^er-air exploration. The future will demonstrale the 
value of these incursions into the upper strata of the atmosphere. 

AGRICULTURAL PUBLICATIONS. 

Durijig llic liscal year »17G publications were put out by the United 
Stales Deparliiiont of Agriculture, princix)ally for gratuitous circula- 
tion. They aggregated six million live hundred and sixty-ono thou- 
sand seven hundred (0,561,700) copies. The total number of pages is, 
however,. less than were contained in the 254 i>ublications of tlio i^rc- 
\ious year, and oven loss than those in the 205 i)ublications of the 
yce.r 1894. The ])olicy of condensation and ab])roviation has been 
firuily established as to bulletins and circulars issuing from this 
T)('part,nicnt. By a (*aref ul and critical editing of the matter sent into 
the Division of Publications, terseness and lucidity Lave been stamped 
u])on all agricultural literature disseminated by the Department. 

Farmers'" Bulletins, two-thirds of which are distributed by Senators, 
Pexu’cscntallvcs, and Delegates in Congress, were x>rin1ed to the num- 
ber of one million eiglit liiindred and ninety-one thousand (1,801,000) 
coxiics, and^ of those, one niillion three hundred and sixteen thousand 
six hundred and ninety-five (1,310,605) coxucs were delivered to Sen- 
ators, Rcpresoiitativos, and Delegates. The average cost of Fanners’ 
Bulletins during the year Avas 1.3 cents each. 

MODIFICATION IN METHOD OF DISTRIBUTiNG I'lniLlCATIONS. 

"Fhe method of distilbuling Dexiartment publications has been mat e- 
rially iiKxlifiod and imx>roved under the act of Januarj’' 12, 1895. The 
mailing lists of the TX'xmrtmont have been carefully revised. They 
iiirdude now only those who render some rocixirocal service, ov 
Avho, from educational or official position, are entitled to recognition. 
Besides those x><H*sons, universities, colleges, academies, and x^nblic 
lilmirios receive X)ublications of the Dcx>artment when they apxdy for 
them. Remaining x)ublieations not re(iuired for distribut ion by the 
Bex)artment., as above oulliiiod, are transmitted to the Suxicrintondent 
of Documents. He holds them for sale at*x>idces barely adequate to 
pay for their printing. IJxi to June 30, 1800, the number sold by that 
officer was 2,818. 



40 YEARBOOK OF THE U. S. DEPARTMENT OF AGRICULTURIL 


THE RESTRIOTION IN REGARD TO 100 PAGES. 

Th^act referred to is, however, in need of amendments. It limits 
to 1,000 copies every publication exceeding 100 octavo pages, unless 
otherwise ordered by Congress. This proviso has seriously interfered 
with the utility of the Department in its lawful and prescribed duty 
of disseminating information in accordance with the law creating the 
Department. Legally, under the present method of distribution, only 
those persons decided to be properly entitled to them, may receive 
publications free of charge. Therefore, the thousand copies’ limita- 
tion is an unnecessary and inequitable restriction, and does injustice 
to many citizens who are actively and usefully cooperating with the 
Department for the love of agriculture itself and without pecuniary 
remoneratiou. 

DISCOIJRAGEMENT OF PRIVATE ENT'ERPRISE. 

The Public Printer may, under this law, sujjply at cost to parties 
asking for them while the work is in i)rcs8 a limited number (not 
exceeding 250 copies) of any i)ublication. For electrotype plates of 
the same he is required to charge an amount suilicicnt to cover iJic 
entire cost, including composition, manufacture of the plates, and 10 
per cent additional. These i)rovisions limit the distribution of the 
publications containing useful information while they save the Gov- 
ernment nothing. Such sales ought to be made only upon the ap- 
proval of the head of the Dei)artment and subject to regulations made 
by the I^ublic Printer, but some method should be adopted by which 
the publications of the Department of Agriculture, at least, may 1)0 
indefinitely multiplied without public cost and by private enterprise. 

>feither the Department of Agriculture nor the Government itself 
can continue for the next five years, even, to increase its publications 
for gratuitous distribution in the same ratio that such XJublicatioiis 
have increased during the last five years without disbursing many 
millions of dollars. Many good citizens disapprove of the (govern- 
ment or any Department thereof becoming a competitor with the 
authors and j)ublisher8 of books relating to i)iscioulture, geology, 
horticulture, entomology, agric.ulture, and kindred sciences. And it 
is frequtmtly asked why discriminations should be made and useful 
literature published by the Goveriuaent and circulated gratuitously 
among the peoide upon a particular line of subjects, employments, 
and interests, while all other vocations are loft to think out and pub- 
lish theii* own literature. 

NEED OF GREATER ECONOMY, 

While the act of January 12, 1895, was presumably designed to 
eflEect economy in the work of publications, and while it has to some 
extent fulfilled this design in the way of limiting the free proniiscuous 
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distrilmtion of Government documents, it has in some respects 
increased rather than decreased expenses. The oxj>ense of conduct- 
ing the branch printing office of this Department under the condflions 
imposed by the act in question amounts to $10,000 yearly, whicli is 
considerably more than twice as much as it has cost previously, and 
though there has been marked improvement in botli the quantity and 
quality of the work, the increased expense has been disproportionate 
to the benefits obtained. As regards the economy elTected undcn' the 
act by reason of the restrictions which it permits — and in fact enjoins — 
in the distribution of public documents, it is discouraging in the 
extreme to find eiforts at economy in this direction nontralized by 
special approindationsfor thepriiitingand free distribution of certain 
publications, the need for whicli exists in some cases so little llial not 
a single copy is provided for the use of this Dcqiartment, notwith- 
standing the fact that the cost of the work is deliberatcdy added to 
the appropriations estimated for as neeessaiy by the Secretary of 
Agriculture. In the act making appropriations for this Department 
for the current fiscal year, $82,500 was so added for the purpose of 
pinnting 60,000 copies each of the Report upon the Diseases of the 
Horse and the Rejiort ujion Diseases of Cattle, to b(^ given away by 
Congress. 

Strenuous efforts have been made by the present Secretary in behalf 
of economy in this line as well as in others. And yet the iiuo'e-ased 
number of publications have made it necessar}' to ask for an apjiro- 
priation for printing in this Department of nearly $100,000, and also 
for a further increase in the apiu’opriation for the editing, illustrat- 
ing, and distributing of the carloads of matter yearly evolved i)y the 
several bureaus and divisions. 

<iROWTH OF PUBLICATION AVORK. 

The Division of Jhiblicatious now embraces t he work of distribution. 
Ilen^itofore it iiudnded only editing and illustrating. The several 
appropriations exiiended under the direetio^i of Mr. George William 
Hill, chief of this division, aggregate $170,000. The total appropria- 
tion of 1806 is considerably less than 50 j)cr cent over that madi^ for 
1894, while the numbm* of publications issued exceeds this year by 85 
per cent those issued in 1894, and the total number of copies is 100 
per cent greater. This is sufilciejit evidomic that tlio apx^ropriations 
for this division have been carefully, efilciently, and ecouojjncully 
handled, and that the increase of money disbursed is imavi)idable 
simply owing to the constantly increasing issue of publications by 
the Department. 

In 1891 appropriations for the purposes of publication in the lliiited 
States Department of Agriculture amounted to $87,600, Only 124 
bulletins, pamphlets, and other documents wei’e issued, and the total 
number of copies printed was 2,384,447. But during the year 1896 
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appropdaiions of $172,740 paid for the 370 publications, numbering 
C,501,70d copies* The increaso in expenditure was less than 100 per 
centj’the^ increase in number of imblications more than 300 per cent, 
and the increase iir the number of copies distributed 175 per cent. 
And during the year 1890 the salary list of the Division of Publica- 
tions, including work of editing, illustrating, and all other office labor 
involved, has been actuiilly less than it was in 1 801 . 

In view of Uie foregoing facts, the estinxates for the work of the 
Division of Publications for the next fiscal year must, it is believed, 
commend themselves as reasonable and necessary. 

GRATUITOUS SEED DISTRIBUTION BY THE GOVERNMENT. 

The contract for furnishing vegetable and garden seeds during the 
fiscal year 1800 was made with D. Landreth & Sons, of Philadelphia, 
Pa., and that for flower s(^eds was made with L. L. May & Co., of 
St. Ihxiil, Minn. Both contracts were let after consultation v illi and 
by and with the advice and approval of the cliainnen of the Com- 
mittees on Agriculture in the United States Senate and llons(*. of 
Reinescnl ati ves. 

The dissemination is tabulated and made explicit by well-eoiisidc'i ed 
figures in th(' rciiort of tlio si^eeial agent who had tiie iiiattiu* in charge. 

The seeds distributed gratuitously by the Government during the 
fiscal year closing on the 30th of Juno last weighed a little over 230 
tons. The cost of carrying them through the mails was ovei* $70,000. 
They occuiiied 30 mail cars in transi>ortation. 

Careful computation shows that the seeds sent out by the Dei)arL- 
ment of Agnculturo during the year would Iiave xdanted 21,008 a<u*es 
of cabbage, 10, 7G8 acres of lettuce, 10,712 acres of t/omatoes, and olhor 
garden vegetables in proportionally largo areas. Bi-iefly, the seed 
gratuitously sent about the (iountry would have x>lantcd more than 
115 sexuaro miles of garden. In other words, it would have xdunted a 
strip of ground 1 rod in width and 36,817 miles in length. Such a 
strip would reach one and one-half times around the globe, and a pas- 
senger train going at the rate of CO miles an hour would require 51 
days 3 lioui^s and 11 minutes to travel from one end of this gretni- 
tously seeded truck x)atch to the otlier. 

Each Congressional quotu contained seed enough to plant more than 
1G3J- acres* 

The 10,125,000 packets of vegetable seeds cost the Government 
875,000, while the transportation of the same through the mails added 
the sum of 874,520, making a total cost directly to the Government of 
81 40,520 for the gratuity, paid for by money raised from all the people, 
and bestowed upon a few people. 

Samples of all seeds sent out wore carefully and thoroughly tested 
by Mr. Gilbert^ II. Hicks, expert, as to i^urity and germinalivo power. 
A comideto record has boon kept of all the shipments of blank franks 
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and also of ilio misoellanooiis lots of addressed franks from each Sena- 
tor and Member of Congress, and receii)t8 have been taken from the 
postmaster and postal clerk furnished by the Post-Office Departenent 
during the shipment of the seeds. Records of the mail packages 
show by whose orders they were mailed, to whom sent, the post-office 
address, and the dates they were sent out. 

CONTRACTS FOR CURRENT YEAR’S DISTRIBUTION. 

For tlie year ending June 30, 1897, seeds have been contracted for 
amounting to $130,000 in value. Owing to lower prices, it is safe to 
Sfiy tlmt each Congressioual quota will bo nearly double what it was 
ill the year ISOH. And careful estimates make it obvious that the 
gratuitous distribution of seed by the Oovernment during the year 
1807 will amount, at retail price valuation, to more than $2,000,000, 
And because of this competition of free seed with the retail seedsmen 
of the country, an aitemiit was made recently to enjoin the Depart- 
ment fT‘om purchasing seed with the appropriation made at the last 
session of Congress. But the injunction was denied, and thus the 
great prh iloge of gratuitously furnishing garden and flower seeds to 
a small per cent of the people out of money raised from the revenues 
of all the people was conserved to Members of Congress and the offi- 
cers of the Dejiartmcnt of Agricnltnre. It is estimated that the distri- 
bution for this year will bo sufficient to plant about 230 square miles 
of ground, and will Ihorcfore employ in tlio distribution about 60 
mail cars. 

Tho Secretary of Agriculture sincerely regrets this unnecessary and 
wasteful oxpenditiiroof public moneys, and hopes that Congress may 
in good time put a stop thereto. 

EXPERIWCENT STATIONS. 

By autliorily of act of Congress making appropriations for the 
l)e])artracnt of Agriculture for the fiscal 3 "ear ending Juno 30, 1890, 
and also in subsequent acts, examination of tho work and supervision 
of the oxiionditures of tho agricultural experiment stations estab- 
lished under act of Maixjh 2, 1887, have been made. A report of those 
investigations has boon sent to Congress. It shows tliat theoporationa 
of a majority of the cxj>crim6nt stations have been within the scope 
and letter of tho law. Some stations, however, are still defective 
in their organization and work. They do not use sufficient caro in 
the expenditure of the funds as provided for by tho terms of their 
organie act. 

The expansion of tho experiment station enterprise immediately 
follow^ing tho passage of that organic act ijas too rapid to be either 
wise or deliberate. It nec^sitated the employment of many officers 
who had not proper scientific education or experience. Imperfect com- 
prehension of the functions and duties of oxi)eriiRent stations on tho 
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pail) of governing boards and officers intrusted with the management 
of the stations has in many instances led to misdirected effort; in 
some to superficial work, and in others to expenditure of the public 
funds for woi'k not contemplated in the original act 

It was, however, impossible to organize, simultaneously, fifty or sixty 
new institutions for original scientific research of an entirely novel 
character without falling into many errors. This criticism, therefore, 
of misdirected efforts is meant for the few and not for all. 

Some institutions liave made the error of confusing work and 
expenditure intended for instruction with that intended for experi- 
mentation. Some stations exx)ended large sums of money in what 
may have seemed experimenting, but was in reality the conduct ajid 
maintenance of large farms on whiifii general crops (with, perhaps, 
some improved methods) were produced. 

PROPER FUNCTIONS OF EXPERIMENT STATIONS. 

The expoi'immit station was not designed to be a model farm. 
There is neither wari*ani in law nor justification in cinnim stances for 
making it such. 

Another seeming misuse of funds has been brought about by the 
ac.(icptance of donations of farms from enterprising citizens or from 
communities upon condition that permanent substations should be 
established upon them. Siufii farms have been often accepted without 
properly considering the nature of the soil of tlie land donated oi* the 
real lUicds of the locality. Thus much money has Ix'cn wasted for 
building and equipments upon farms where only siqierficial and tem- 
porary experiments can be couducded. 

In some cases too frequent changes in boards of control, resulting in 
changes of iiolicy with regard to the station and changes in the station 
staff, have worked great injury and discouragement. An experiment 
station’s proper management has no possible relation to any iiolilical 
parly wliatsoever. It should be in the hands of the best oxper1Cnc(id 
ami most practical scientists of the State or Territory. It should ])e 
permitted to go on increasing its utility and establishing its i)erma- 
nence without i)olitical interference. 

Some stations have endeavored to cover too many lines of work. 
Many stat ions wei'C organized originally as so-called all-around sta- 
tions.” They had a largo staff of officers called ‘‘agriculturists,” 
“ chemists,” “ botanists,” “entomologists,” and “ horticulturists.” 
They jiaid small salaries, and, with few facilities for w^ork, achieved 
small results. Most of the officers were obtained from the agricultural 
college faculties. They were allowed very little time from their teach- 
ing duties therein, and consequently could not thoroughly conduct 
experimental investigations. In some cases this practice led to an 
almost total diffusion and exhaustion of the experimental and station 
funds. Such stations had no definite aim and organization, and some- 
times little administrative ability. Every station should have its own 
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executive head or secretary, like any other department in the college, 
and he should report to the i)r4'iBidcnt or chancellor who represents the 
controlling board. 

FUNDS OF THE STATIONS. 

It is regretted that so many of these institutions for higher scien- 
tific education in the United States have been limited as to funds with 
which to make original research; much useful investigation has, 
however, been carried out by professors connected with them, not- 
withstanding very limited means, purely from a love of science. 
Largely this has been accomijlished outside of their regular duties 
and at great inconvenience and expense to themselves personally. 

The experiment station act gives the land-grant agricultural (Col- 
leges $15,000 per annum especially for original research in agriculture. 
This is equivalent to 6 per cent per annum uiion an endowment of 
$300,000 for eacli station. And this fund ought to bo regarded as a 
sacred trust and devoted entirely to the advainiemcnt of agricultural 
science through conscientiously directed original r(is(^arch. If this 
course be pursued in all the institutions, as it has been faithfully 
pursued in some, imudical agriculture will recjeive vastly increased 
benefits. The colleges themselves will be greatly strengthened in 
resources, and will attracit to themselves more and better students of 
agriculture and allied sciences. 

A separate account of tlie funds bestowed by the National (Toveru- 
immt should lie kept by the accounting ofllcer of every (*oIlege havi^lg 
an (^\])erini(‘nt station. tVire ought to lie taken that neither directly 
nor indirectly shall any inirt of this sj>ecjfic trust fund lie diverted to 
general college purposes. 

KEGULATIONS FORMULATED HV THE DEPARTMENT. 

CV>mplying with the authority granted by Oongress, the United 
States Department, of Agriculture formulated general principles and 
regulations for the guidance of experiment station exi)eiiditiires. 
This was for the purpose of bringing the disbursement of those insti- 
tutions within the provisions and intent of the law. It is hoped that 
hereafter these din^ctious will be accurately carried out in (nau-y 
respect. If the United States experiment stations do not universally 
conform to the literally correct interjiretation of the organic act, it 
will become necessary to amend the law so as to definitely describe 
the functions of the institutions and absolutely compel a more rigid 
accounting for the funds appropriated by the Crovernment of the 
United States. 

Investigations mad<^ up to this time verify and affirm the wisdom 
of the recommendations for the expenditure of these moneys under 
the supervision and direction of officers of the United States which 
were mdde by the Secretary of Agriculture in his report for the fiscal 
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year 1893. The necessity of a governmental and a strict aceotinting 
for these funds is generally recognized by the governing l>oards and 
officers of all the oxx^criment stations. 

PRELIMINARY INVESTIGATIONS IN ALASKA. 

Proiiositions have been made in Congress and elsewhere looking to 
the establishment of an agi‘i(iultural experiment station in Alaska, 
but information as to the jiresent condition and possibilities of agri- 
cult uro in that Territory is so limited that a recommendation for the 
establishment of a station therein is not warranted. Until there 
shall have been made a preliminary examination of the soil and cli- 
matic capabilities of Alaska, it is deemed unwise to establish stations 
therein. But the estimates for approijriations for the coming fiscal 
year include one of $5,000 for the purx>oso of making oxx^lorations and 
investigations as to the agricultural of that Territory. 

NUTRITION INVESTIGATIONS. 

The ax>prox>riatioiis for looking into the nutritive value of the vari- 
ous articles and commodities used for human food were continued 
and increased by Congress for the iiast ilscal year. The suxiervision 
of the work accomplished under this apx>rox>rialioii remained in charge 
of the Office of Exx)eriment Stations, and the general X)olioy x^ursued 
vras that outlined iii previous rcx>oris. As staled in the report of the 
Secretary of Agricnlturo for the year 1895, the clTort lias been made 
*‘to build \i]} centers of incxulry where the more scientific and funda- 
mental problems can bo best investigated, where workers in this lino 
can 1)0 efficiently trained, where the imxiorlanco and usefulness of 
accurate information regarding the rational nutrition of man will be 
imriressed upon largo bodies of students and from which the practii'al 
results of food investigations may be widely and efficiently dissemi- 
nated.” 

Experiment stations, agricultural colleg(js, and other educational 
institutions, as well as somo benevolent associations, have joined 
Avith Iho Department in making these valua])lo investigations. The 
funds at the disposal of the Department wore more economically and 
efficiently used in the encouragement of researches on the food and 
nutrition of man at institutions of learning, in various parts of the 
countiy,. which would contribute the services of experts, labomtories, 
and other resources, than they could have been in any other way. 
Ill nearly every locality where nutrition investigations have lieen con- 
ducted they have been with the coox>oration of somo institution of 
learning. Thus the assistance of those esx>ecially interested in this 
kind of research has been secured; thus the inquiries have been 
rendered more effective ;*thus the results, besides being repoiiiod to 
the Department, have been disseminated by public^itions throughout 
the country, and thus also they have been generally utilized to the 
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best advantage. Under no oilier system of operation could so large 
an amount of good have been accomplished with the appropriations 
which Congress made for this specilic purpose. The data iih^ondy 
collated are much more numerous and extensive than could have 
been obtained in years by the Department alone, unaided by tlio (‘ooxi- 
ei*ation of colleges, universities, and their iirofcssors. 

Reference is made to the report of the Office of Experiment Sialions, 
under whoso direction these researches have been pursued, for ini (cr- 
esting details of the work. 

AGUICULTURAL COJ.LEGES AND THE CIVIL SERVICE. 

In the flit 111*0 may it not be iiossiblo for an arrangement to be made, 
ill fu*(.*ordaTico with law, between the xucsidmits of agricultural colleges 
and the directors of experiment stations on the one hand and the 
United States Civil Service Commission on the other hand by which 
tlu* eertifieates of the former as to industry, alulity, and charact er will 
licrmit their graduates, under the direction of the Secretary of Agri- 
ciillure, to enter the service without coiui)etitivo examinations? If 
a reasonable construction of existing law iiermits those who liavo 
devoted years of study at exxierimont stations and in agricultural col- 
leges, and thus made themselves esxiecilally skilled and cxx)crt in 
sx^eeiuc lines of investigation, to cuter the scientific bureaus and divi- 
sions of the United States Dexiartment of Agidcnlture after a rigid 
examination by their x>t*ec('i)t<)rs and (*ertifi(*ation by them as to their 
ni(u*ils, will not the country begin at once to realize direct benefits 
from exiieriiiumt stations and agricultural colleges which under the 
X)J’es(Uit system seem to be wanting? 

In short, by a judic^ious (‘xteiision of (uvil-sorviee rules can not the 
agricuiltural colleges be increased as to number of students and at 
the same time made a scientific rendezvous wlieneo the Dex)artTnent 
of Agricultuj*o may with ecu’tainty always draft into its service the 
highest i)ossibl(> ability and acquirements in specific lines of scientific 
resi-arcliV 

ACKNOWLEDGMENTS AND RECOMMENDATIONS. 

Reviewing the oiierations of the Department, it is shown that there 
has been a material advance in the iiractical utility of the work car- 
ried on by the several chiefs of bureaus and divisions of the Dei)art- 
meut during the last four yeai’S. Some lines of invest iga tion have boon 
susxionded, and others, notably those of soils and grasses and nutj-i- 
tion investigation, have been instituted. It is bolievcKl that the fSec- 
tion of Foreign Markets will i>rovo of great educational and commercial 
advantage to the farmers of the country. •It is also obvious that the 
improvements which have been made have not a<ld<Hl to the burden 
of the iRiblic expense. 
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In this last report of the present Secietary of Agriculture he 
acknowledges with cheerfulness the efficient cooperation of the em- 
ploye'es of the Department, lie likewise gladly acknowledges his 
indebtedness to the Chief Executive of the nation, who at all times has 
given his encouragement and support to every effort made in behalf 
of a businesslike and economical management of this Department. 

Estimates for the ensuing year have been discussed carefully by the 
Secretary and his able assistant and those chiefs of divisions and 
bureaus whose positions and intelligent zeal have rendered their 
advice valuable and desirable. The api)ropriation8 estimated for 
the next year are reasonable and just. Whatever useful results may 
be obtained by their pj’oper disbursement will redound to the honor 
of the succeeding Secretary of Agriculture, under whose immediate 
direction they are to be expended. 

The recommendations of former reports as to the importance of 
speedily providing new and adequate buildings for the proper accom- 
modation of the Department of Agriculture are strenuously renewed. 

In this connection it is a duty to protest against the iiioxcusablo 
practice of including in the appropriations for this Department funds 
to be expended by the heads of other Departments or of bureaus in 
other Departments over which the Secrotajy of Agriculture has no 
supervision or (jontrol. l^^or the current fiscal year there w as included 
the sum of $82,600 in the appropriations for the Department of Agri- 
culture for certain publications to be distributed by Members of the 
Senate and House of Representatives. Over tliat sum of money and 
the publications provided for no officer of this Department has tlie 
slightest supervision. In the same bill there is an approxjriaUon 
made of $4,500 for the Geological Survey, which rightfully should 
have been charged to the Department of the Interior. There is 
neither equity nor good reason for charging to the account of one 
Department expenditures which are to bo made by the officers of 
another and for which the head of the D(q>artment to which the 
appropi’iation is charged can bo in nowise held responsible. 

THE CONDITION OF AMERICAN FARMERS. 

The farmers of the United States hold 72 out of each 100 farms — 
occupied by their owners — absolutely free from mortgages or other 
incumbrances. The debts secured by liens upon lands used for tillage 
and the production of croi)8 aggregate, after throwing out the mort- 
gage indebtedness of railroads and other corporations, less than one- 
sixth of the total indebtedness of the citizens of the United States 
secured upon real estate. 

Out of each thousand fg,rms in the United States only 282 are mort- 
gaged, and three-fourths of the money represented by the mortgages 
upon the 282 farms was for the purchase of those farms or for money 
borrowed to improve those farms. And the prevalent idea ihat the 
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West and the South are more heavily burdened with farm mortgages 
than the East and Northeast sections of the United States is entirely 
erroneona 

The States along the North Atlantic shores are quite heavily encum- 
bered with farm mortgages, and New Jersey carries a debt of this 
kind greater, in proportion to its farm valuations, than any State in 
the American Union. 

The constant complaint by the alleged friends of farmers, and by 
some farmers themselves, is that the Government does nothing for 
agriculture. In conventions and congresses it has been proclaimed 
that the farmers of the country are almost universally in debt, despon- 
dent, and suffering. Largely these declarations are without founda- 
tion. Their utterance is a belittlement of agriculture and an indignity 
to every intelligent and practical farmer of the United States. The 
free and independent farmers of tliia country are not impoverished; 
they are not mendicants; they arc not wards of the Government to be 
treated to annuities, like Indians upon reservations. On the other 
hand, they are the representatives of the oldest, most honorable, and 
most essential occupation of the human race. Upon it all other voca- 
tions depend for subsistence and prosperity. The farmer is the 
copartner of the elements. His intelligently directed efforts are in 
unison with the light and heat of the sun, and tlie success of his labors 
represents the commingling of the raindrox)S and his own sweat. 

Legislation can neither plow nor plant. The intelligent, practical, 
and successful farmer needs no aid from the Government. The 
ignorant, impractical, and indolent farmer deserves none. It is not 
the business of Government to legislate in behalf of any class of citi- 
zens because they are engaged in any specific cfilling, no matter how 
essential the calling may be to the needs and comforts of civilization. 
Lawmakers can not enise natural laws nor restrict or efface the oper- 
ation of economic laws. It is a beneficent arrangement of the order 
of things and the conditions of human life that legislators are not 
permitted to repeal, amend, or revise the laws of production and 
distribution. 

EFFECTS OF THE HOMESTEAD LAW. 

The attention of those who complain of the condition of the Ameri- 
can farmer and the hardships which, by stress of the competition of 
all the farmers of all the world, ho is at times compelled to endure, is 
called to the fact that nearly 2,000,000 of farms of 80 acres each in the 
United States have been given away by the Government under the 
homestead act of 1866, during the last thirty years. Those farms con- 
tain many millions of acres of arable land. 

This giving of something for nothing has res^ted in an abnormally 
rapid increase of the acreage under tillage in the United States during 
the last thirty years. This also has caused decline in farm land 
values in the Eastern and older States. Under the timber-culture 
12 a 96 i 
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law the amount donated was cciuivalent to over 550,000 more farms of 
the same size. This takes no account of the desort-land laws, under 
which numberless choice locations were given away, or of the large 
body of land patented to States and corporations and sold at mei’cly 
nominal prices to build up the country. Lands long tilled and ren- 
dered partially infertile could not, of course, enhance in value and 
sell in competition with virgin soil which was being donated by tlie 
General Government. Lines of rail transportation have either x>io- 
noered the homestead lands or q^uickly followed their settlement. 
Reduction in the cost of carriage has made the long haul of the 
pnxlncts from those far-away — ^given-away — farms but a trifle more 
than the freight upon iiroducts grown in the Middle and Eastern 
Slates going to the same domestic markets or to those of Europe. 

No legislation relative to the public domain has been so directly 
mimical to the farmers who had bought and paid for the lands ujjon 
which they lived and labored. Until the homestead law came inio 
vigor, in 1866, the farmers of the United Stales competed with each 
other upon land representing accumulated capital and fixed invest- 
ments, but after the homestead-law lands began to produce and ship 
into market crops from the vast area of fertility which they represent, 
Eastern and Middle States’ land values declined. It was impossible 
for them to enhance in competition with fresher and more i)ro(i active 
land obtained as gratuities by other farmers. It was equally imi>os- 
sible — demand remaining stationary and supply suddenly increas- 
ing — for farmers in the older States to profitably sell their products 
in competition with those of the newer States grown upon lands which 
cost their owners nothing. 

^^ATES QIC INTEREST UPON FARM MORTGAGES IN THE UNITEI> STATES. 

iMany misinformed persons have declared in their lamentations as 
to the alleged wrongs of farmers that oven money lenders charge 
greater rates of interest for money loaned upon lands occuiuod as 
farms than for that loaned upon other kinds of real estate. So niucli 
has been said relative to this subject that it becomes a duty to present 
iji indubitable shajic the facts and figures regarding interest upon 
farm-land loans. 

The rate of interest charged on mortgages upon homes — ^that is, resi- 
dential property other than farms — averages throughout the United 
States eighty-four one-hundredths of 1 per cent loss than the rate of 
interest charged upon farm loans. In seventeen States the average 
rate charged on the latter loans is less than that demanded for loans 
upon other homes and residential property. In two States the rales 
are the same upon urban and rural real estate. In Pennsylvania, 
Maryland, Virginia, West Virginia, Kentucky, Michigan, Wisconsin, 
Iowa, and Kansas, an^ in Texas and Alabama, the rates of interest 
are less upon money secured by farm mortgages than they are in those 
States upon money secured by other realty. 
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In five States, including Kansas, the difference in favor of the 
farmer is from one-fourth to one-half of 1 per cent per annum, and in 
Texas it is over 1 per cent. ^ 

The agriculturist is not discriminated against as compared with any 
other class of citizens when ho comes to borrow money. But if the 
Western farmer does pay a somewhat higher rate of interest than ho 
would have to pay in the East, so does the Western merchant, lumber- 
man, banker, common carrier, or manufacturer also have to pay a 
higher rate than persons engaged in the same business nearer the 
money centers. 

During the last ton years in the Western States there has been a 
steady maintenance of laud values in nearly all sections, and in some 
an enhancement of the prices of land. Between 1880 and 1890 the 
increase of farming-land values, as reported by the oeciii)ants of the 
farms themselves, was more than enough to offset the entire interest 
charge for the decade in most of the great agricultural States of the 
W ost and South. In Kansas and Kebriiska the increase of land values 
in that period of time exceeded the entire farm incumbrance, i)rinci- 
pal and interest. In the States of Washington and California it WiiS 
nearly twice as great as the combined principal and interest. In fact, 
where the interest, was highest the increase in value was gi'eatest. 

Average interest rate per anmim on farm mortgages in force in tS'jO, 

I'cr <5ent. 


North Atlantic States 5. 63 

South Atlantic States 6. 64 

North Central States 7, 43 

South Central States 8. 05 

Western States* 9.03 

The United States 7. 07 


Taking the country as a whole, the most numerous class of farm 
mortgagosand that representing the largest total incumbrance was the 
class that paid 6 per cent. 


North Atlantic Group, 

Per cent 

Proportion of farm mortgages paying 5 per cent interest, or under 30. 60 

Proportion paying not more than 6 per cent OS. 16 

Nof^th Central Group, 

Proportion paying not more than 6 per cent interest 31. 34 

Proportion paying not more than 7 per cent interest 51. 60 

Proportion paying not more than 8 per cent interest 83. 54 

Western Group, 

Proportion paying not more than 8 per cent intoresl^ 37.74 

Proportion paying not more than 10 per cent interest 88, 14 


* Eocky Mountain region and Pacific Slope. 
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Typical State» and average rates of interest on farm mortgages^ 


Per cent. 


PenRsjlvania 6.48 

MassachusettB 5. 68 

New York 6.66 

Ohio 6.68 

Indiana 6. 89 

Illinois 6.92 

Wisconsin 6.64 

Michigan 7.10 

Iowa 7.36 

Missouri 7. 98 

Kansas 8. 15 


Per cent. 


Minnesota 8.18 

Nebraska 8.22 

Colorado 9. 28 

South Dakota 9. 53 

North Dakota 9. 54 

Wyoming 10.92 

Idaho 10.65 

Utah 10.18 

Washington 9. 87 

Oregon 9.06 

California 8. 78 


KECSKT ANNXJAI. SALES OF FABM FBODUCTS ABBOAD. 

Attention is ealled to the fact that during the fiscal year just ended 
the exported products of American farms aggregated a value of 
$570,000,000. That is a gain of $17,000,000 over the preceding year. 
During the fiscal year 1896 agricultural products make up only 66 per 
cent of the total exports of the United States, as against 70 per cent in 
1895, 72 percent in 1894, and 74 per cent in 1893. But the reason of a 
relatively decreased value of 4 per cent, with an increase in the absolute 
valuation of agricultural _Droducts shipped in the year 1890, araoaut- 
ing to $17,000,000 more than those of the preceding year, 1895, is solely 
due to {he unprecedented sale abroad of American manufactured 
goods and commodities, the exports of which from the United States 
jumped from a valuation of one hundred and eighty-four millions of 
dollars ($184,000,000) in 1895 to two hundred and twenty KUght millions 
of dollars ($228,000,000) in 1896. 

GENERAL PROSPERITY DEPENDENT UPON AGRICULTURAL PROSPERITY. 

It is admitted by all economists that general prosperity doi>ends 
absolutely upon agricultural prosperity. The largest market for the 
products of agriculture and for the products of the manufactories is 
admittedly the home market. It is, however, true that the export 
trade is the regulator, the balance wheel, for domestic trade. There- 
fore, it follows that the interest of the manufacturer, as well as of the 
farmer, is found in the most rapid possible increase of the export of 
farm products. By such exportations farmers and those engaged in 
subsidiary arts, who constitute nearly one-half of the population of the 
United States, and who mainly create the demands of the home mar- 
ket for manufactured goods, will have an increasing power to buy 
those goods* On the other hand, the imported products of agriculture 
are limited in number. They are mainly sugar, wool, hemp, coffee, 
tropical fruits, and nuts^l ^ 

Any commercial system which will increase with celerity and extend 
with certainty the export of farm products from this country will be 
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of the utmost advantage to agriculture and all those interested in its 
profitable expansion. And that political economy which best advances 
the interests of the agriculturists furnishes the best impetus tft the 
manufacturers of the United States, because when the prosperity of 
the American farmer is established by virtue of constantly increasing 
sales of his products in foreign markets normal and legitimate protec- 
tion will have been secured to the American manufacturer, for his 
best customers are farmers and those engaged in occupations which 
depend directly for profit upon the prosperity of farmers. 

THE BEST MARKETS FOR AMERICAN PRODUCTS. 

The best foreign markets for American products and commodities 
are among those nations whose power to buy things and pay for them 
has been augmented by the use of labor-saving inventions. The 
principal market, therefore, for American exports is found in the 
United Kingdom of Great Britain and her colonics, which took dur- 
ing the last fiscal year 1511,751,040 worth of exports from the United 
States. That is to say, English-speaking peoxde bought 58 per cent 
of all commodities and jiroducts exiiorted from the United States 
during the fiscal year 189G. Germany, France, Holland, and Belgium 
purchased during the same i)eriod of time 1210,953,054 worth of exports 
from the United States. That is, the United Kingdom of Great Britain 
and the nations enumerated jiurchased 81.9 per cent of the entire 
export outiiut of the United States during the fiscal year 189G. 

Other nations, including the remainder of Euroiie, Asia, Africa, and 
South America, took the balance of American exports, which amounted 
to $100,902,844 in value and to 18,1 per cent of the entire shipments 
of this country. 

QUESTIONS FOR THE AMEIUCAN FARMER. 

The question for American farmers and all other citizens engaged 
in gainful occupations to consider is. How can the United States sup- 
ply the markets of the world with staple food i^roducts and necessary 
articles of manufacture? If the labor cost of a product is governed 
by the rate of daily wages, how can a dollar’s worth of farm products, 
or of commodities from manufactories in the United States, be sold in 
foreign parts? 

Is not that nation which, like the United States, possesses the greatest 
power and facilities for iiroducing and manufacturing those exchange- 
able things which the world demands destined to monopolize the mar- 
kets of the globe ? Do not the most favorable natural conditions for 
varied and successful agriculture abound in the United States? In 
what country is there less burden of national taxation? What other 
people pay so little for the maintenance of ^ standing army? Who 
can compete with the American farmer or the American manufacturer 
in develcming the bestresults of human toil with a minimum of human 
effort? 
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EFFECT OF LABOR-SAVING INVENTIONS— WAGES* 

hi the United States labor-saving inventions are applied in almost 
every avenue of production. NTowhero else on the globe has agricul- 
ture so many improved, useful, and ingenious devices, implements, 
and machines at its command. Therefore the exports of American 
farm products must increase; and the sales from those exports, after 
yielding adequate profits to maintain the farm, will yield also a higher 
rate of wages to those who do the mechanical and manual work than 
the wages paid in those nations which are our principal customers. 
Necessarily the wages paid in the United States — ^for instance, in the 
production of wheat and cotton, the great articles of export — are from 
50 to 500 per cent higher than they are in those countries with which 
we compete in selling our cotton and wheat; while in manufactures 
from the metals the wages paid those who make articles of iron and 
steel for export are from 25 to 100 per cent higher than the wages 
paid workers in the same industries by the nations with which we 
compete. 

MILLIONS DEPEND UPON FOREIGN MARKETS. 

Under the foregoing conditions, about 1,700,000 laborers on Ameri- 
can farms are almost constantly employed in developing agricultural 
products for exportation. 

At the same time, vdtli a rapidly increasing export of manufactured 
articles from the United States, the number of laborers engaged in 
mechanical occupations, who must depend for their steady emi)loy- 
ment ui>on the demand which the world makes for American goods, 
is constantly increasing. It is probably quite safe to declare that at 
leaf?! two millions of American workmen, on farms and in factories, 
subsist almost wholly upon employment based upon foreign demand 
for American commodities. And in this contest for feeding and f ur- 
nisliiiigmankind — not withstanding the fierce competition which meets 
as all over the globe — American Agiiculture, Manufacture, and Com- 
merce are steadily gaming more trade, and IJius furnishing an 
enlarged wages fund, on a Gold basis, out of which many thousands 
of American laborers and skilled artisans draw their yearly remunera- 
tion, and upon which they and their families largely depend for 
employment and comfort. 

J. StepuliIng Morton, 

Secretary. 

November 16, 1896. 

Since the original publication of the foregoing report additional 
information relative to the disposition of the public domain has 
become available, for w^^ich see the Appendix. 



EXTERMINATION OF NOXIOUS ANIMALS BY BOUNTIES. 


By T. S, pALMKii, 

First Assistant, Biological flurivy, U. S. DejMrbiieiit of AgvUmUurc, 

■* 

Tlio payment of rewards or bonniies for killing noxious animals is 
not a new idea. This method of extermination was adopted by the 
colonics of Massachusetts and Virginia before the middle of the seven- 
teenth century, and has been continued ever since, but neither the 
results nor the cost of such legislation seem to be generally known. 
Bounty laws have beem passed by nearly every State and Territoiy, 
and in 1895 were still in force in about thirty States and in six of the 
Canadian provinces. The expenditures have increased in the last 
dcftade, and more than $3,000,(X)0 has be(m si)ent during the last 
twenty-fivo years. Since the burden of tlio expense falls on the eom- 
niunify at largo, while the benefit is resirieted to a comparatively smjill 
class, the question naturally ari.ses as to howfai’ the method has Ix'cn 
8U<*,ces.sful, and whether the results rvarrant its co)itinuanco. 

THK DKMANO POIl BOUNTV. 

More than a score of animals in the Unibsl Slates arc cunsidcred 
sufficiently injurious to reepdro radical measures for their extcuiui- 
nation, Woh e.s, coyotes, i)anthers, bears, and lynxes aro very do- 
st ruct ive, but perhaps do not cause greater loss than ground squirrels, 
pocket gophers, rabbits, and woodelmcks. A few birds also, .such 
as blackbirds, crows, English sparrows, hawks, and owls, are some- 
times included in the category of noxious species. The most ijUuisi- 
blo and j)ersi8tent dfuiiands for protection from the depredations of 
wild animals have come from owners of sheep and cattle, and many 
of the bounty laws have been eiiiicted ostensibly to encourage sheep 
raising. No doubt this industry has many claims for this protection, 
but it may be noted that the most urgent demand for bouu(ic.s in the 
West have come, not from the farmers or owners of small llocks.but 
from cattle and sheep men whose immense herds and flocks ai’e pas- 
tured on. Government land, and who claim that the cost of protecting 
their herds and flocks should be borne by the county or State. In 
some regions the losses on account of wolvc* and coyotes aro so serious 
as to threaten the success of the sheep industry. It was estimated in 

65 
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1893 that in New Mexico, where the sheep were valued at $4,656,000, 
such losses varied from 3 to 7 per cent; in Nebraska the value of 
sheep was about $2,000,000, while the losses amounted to 6 per cent, 
or $100,000; and sheep owners in central Texas suffered losses on 
account of wild animals to the extent of 10 to 25 per cent.^ Farmers, 
too, have just cause for complaint In eastern Washington the grain 
fields and orchards are damaged every year by ground squirrels to the 
extent of hundreds of thousands of dollars, and the losses are scarcely 
less in some parts of California, Montana, and North Dakota, while in 
most of the Western States orchardists and vineyardists suffer from 
the depredations of rabbits and pocket gophers. 

The value of bounties is not admitted by all, and those who are sup- 
posed to be most benefited by them ai*e often the ones who complain 
most of the failure of the laws and the lack of real protection wliich 
they afford. Just previous to the passage of the present bounty law in 
Iowa a prominent sheep owner of Grinnell stated that it was imi>ossi- 
ble to raise sheei) in some parts of the Skite on account of the wolves, 
and he attributed the unsatisfactory conditions to the low rates and 
unequal bounties. 

Any scheme intended to bring about the extermination of a species 
must fulfill certain conditions before it can prove successful in i)rac- 
tice : (1) It must be applied over a wide area practically cova^ring 
the range of the species, otherwise the animals will increase in the 
unprotected region; (2) it should be uniform {i. e., the rates should 
be the same) in all localities; (3) it should provide some inducement 
for carrying out its provisions; (4) it should be economical, for if 
expensive, the cost will exceed the losses which it seeks to avert; (5) 
it should provide so far as possible against fraud or the misappropria- 
tion of public funds. In order to see how far bounties have met these 
requirements, it will be necessaiy to review briefly the history of this 
legislation and to note the operation of some of the rccoiit laws. 

Under the bounty system a fixed sum is offered for ea<‘h animal, and 
the reward is paid to the claimant upon delivery of the skin or scalp. 
The amount of money which an individual may receive therefore 
depends entirely on his own efforts or on the condition of the public 
funds. It is urged in support of this method that the State or county 
pays only for the animals, actually killed, and that it suffers no other 
expense, as the rewards are drawn from regular funds of the county 
and are disbursed by county officers oftentimes without additional 
compensation. It is sometimes claimed that this inducement to cap- 
ture animals furnishes employment to men and boys who do not desire 
or can not get other work, and are thus encouraged to labor for 
the benefit of the community, and that by increasing the rewards the 
extermination can be hastened whenever necessary. Simple and eco- 
nomical as this method appears theoretically, it has proved extremely 

^ Heath, Special Report on Sheep Industry in the United States, 1C92, 
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unsatisfactory and very costly in practice, and the mere fact that 
over three hundred laws have Wn enacted in the United States would 
seem to show that bounties have not accomplished all that w^b ex- 
pected of them- 

HISTORY OP BOUNTY LEGISLATION IN THE UNITER STATES- 

The first laws providing rewards for the destruction of wild animals 
seem to have been passed in Massachusetts about 1630 and in Virginia 
about 1632. Bounty legislation has therefore extended over more 
than two centuries and a half — a, sufficient length of time, it would 
seem, to test its merits or defects. But so little attention has been 
paid to the matter that almost every State has been compelled to ex- 
periniont for itself, instead of profiting by the experience of others, 
and has learned the limit^itions of the method only after sj)ending 
thousands of dollars- 

The history of bounty legislation may be conveniently divided into 
three periods: (1) From 1630 to 1775; (2) from 1776 to 1865; (3) from 
1866 to 1896- T^ese three periods are nneqiial in length (146, 90, and 
31 years), but the payments during the last period probably exceed 
those of the other two combined, although the number of years is 
only one-eighth as great. This is not duo entirely to higher rates in 
recent years, for the payments in Maine between 1830 and 1865 were 
almost exactly the same as those from 1866 to 1895. 

During the colonial period bounties were confined mainly t>o wolves, 
and ill Virginia for more than a century and a half the rewards were 
paid in tobacco, which was the usual medium of exchange in that 
colony. The general bounties "were supplemented by special rewards 
paid by the counties, and the Indians wore encouraged to aid in the 
work of extermination- In some of the coloni(‘s crows, squirrels, and 
blackbirds caused so much damage that rewards were offered for 
their scalps, and in South Carolina means were taken to protect the 
planters from the depredations of rice birds. The necessity for such 
protection was quaintly expressed in the act of 1695, as follows: 

Whereas the planters of this province do yearly sutler < 5 onsiderable damage by 
birds and beasts of prey in their stocks and crops, whereby, notwithstanding their 
continual care, tliey are iinjwverished and discouraged, be it enacted * * * that 
every person or i>ersons who shall kill and destroy the small blackbirds and rice 
birds shall receive half a royall per dozen, and for crows, jackdaws, and larks, 
shall receive one royall and a half i)er dozen. 

From 1776 to 1865 numerous laws w^ere passed in the original 13 
States, and the bounty system was extended over most of the terri- 
tory east of the Mississippi River. Most of the rewards were paid for 
wolves, and the work of extermination, beg«n in Ohio and Kentucky 
in 1795, and in Tennessee in 1797, extended gradually westward to Mis- 
souri, Iowa, and Nebraska, and even to Washington. As time wont 
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on and the country gradually became settled, attention was paid to 
getting rid of other animals, such as bears, panthers, wild-cats, and 
foxefe. In New England great numbers of crows were killed, particu- 
larly in Maine and New Hampshire, and in the latter State the kill- 
ing of hawks was encouraged at the expense of the public treasury. 
With the beginning of the war more important matters claimed the 
attention of legislators, and in most of the States little thought was 
given to bounties on wild animals. 

Since 18G& bounty laws have been passed in increasing numbers 
by nearly all the States and Territories. With the development of 
the West and the increase in cattle and sheep raising, the necessity 
for exterminating wolves and coyotes has become more ax)i;)arent. 
Immense numbers of these animals liave been killed in Montana, 
North Dakota, South Dakotii, Wyoming, and Colorado; but they slill 
seem to be very numerous. Several States have also offered i)re- 
miums for foxes, wild-cats, minks, and even \vefisels. The success 
of the sheep men in their warfare against predatory animals encour- 
aged the farmers of the Mississippi Valley and the Great Plains region 
to demand api^roimations from State and county treasuries for killing 
ground sq.uirrels, gophers, and rabbits. This legislation has proved 
not only ineffective, but extremely expensive. The exx)eriment lias 
been tried in Minnesota, Montana, California, and Noj'th Dakota, and 
ill each case the result has been disastrous to the treasury; in fact, 
no State thus far has been able to pay a general bounty on ground 
squirrels and gophers for any length of time. 

Bounties on birds, which wore by no means uncommon in colonial 
times, have recently been revived in several States. Since 1875 an 
unusual interest has been manifested in the extermination of haAvks 
and owls, notwithstanding the fact that it has 1)een demonstrated 
that most of these birds arc actually beneficial instead of injurious. 
Hawk laws w'ere passed in Delaware, Ncav Ilamxishire, Pennsylvania, 
Colorado, Indiana, Ohio, Maryland, Virginia, and West Virginia. 
The law in New Harapshiro was rei>ealed in 1881, after being in force 
for four years, but was again revived in 1893; the bounty in Colorado 
remained in force eight years, while the Pcniis^dvania “scalp act” 
was enforced only a year and a half, costing the State about §>90,000 
for birds of prey alone. The extermination of crows was encouraged 
in NeAV Hami>shire from 1881 to 1883, and in Maine from 1889 k>1891. 
In the latter State 50,707 crowds were killed at an expense of a little 
over $5,000. lUinois and Michigan have turned their attention to the 
English sparrow. Three acts have been passed in Michigan since 
1887, and have cost the State $61,800, while the law in Illinois, 
enacted in 1891, has involved an expenditure of $55,600. Premi- 
ums for birds are perhays the most pernicious of all bounties. Dr. 
C. Hart Merriam has estimated that the poultry killed by hawks and 
owds in Pennsylvania in a year and a half would be worth $1,875. 
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But every hawk and owl kills at least 1,000 mice in the course of the 
year, and therefore, estimating the damage clone by a mouse at 2 
cents> each hawk and owl would save the farmer $20 ijer annuill. In 
other words, the expenditure of $90,000 caused the destruction of 
birds worth $3,857,130 to save a possible loss of $1,875 to the poultry 
industry*^ Although the crow is almost universally condemned, it 
is by no means certain that it is responsible for all the damage that 
is usually attributed to it. In fact, recent investigations by the 
Department of Agriculture show that the crow is rather more benefi- 
cial than injurious. The English sparrow is recognized everywhere 
as one of the greatest pests which could have l>een introduced into 
this country, but the olTering of rewards for its destruction encour- 
ages the killing of native birds which are indistinguishable from it 
to the unpracticod eye of the officer who pays the bounty. 

EXPENSE OF THE BOUNTY SYSTEM. 

In 1895 laws providing bounties on wild animals were in force in 
about thirty States of the Union, but with the exception of New Mex- 
ico and Texas practically no rewards Avere offered in any of the States 
lying south of latitute 37'". North of this line bounty laws were in 
force in all the States except Massachusetts, Connecticut, Delaware, 
Indiana, and possiblj’^ West Virginia. In some cases the expendi- 
tures were small, but in Minnesota, Montana, and Wyoming the 
expense was heavy. 

It is extremely difficult to obtain accurate statistics regarding the 
cost of this legislation, owing to the fact that in some cases the 
rewards are paid from the State treasury, in others by counties. 
State bounties arc usually included in the reports of the treasurer or 
auditor, but reports of county officers are seldom published in detail, 
and it is necessary to secure the data from the original records. 
When a change occurs in the ofilco of county clerk or treasurer, 
the new incumbent frequently finds difficulty in unraveling the old 
accounts, and he may be entirely ignorant of an expenditure of 
thougmnds of dollars under his predecessor. Old records are some- 
times inaccessible and sometimes burned, so that it is practically 
impossible to obtain returns for a series of years. 

Reports of bounty payments during the last quarter of a century 
have been collected in detail from twenty-nine States. As shown in 
the table following, nearly $2,400,000 has been spent, but the returns 
are more or less incomplete from all the States except Maine, Mich- 
igan, Monkina, Minnesota, New York, and Wisconsin. No attempt 
has been made to secure statistics from twelve other States in which 
relatively small amounts have been paid, and it is safe to say that the 
total expenditures aggregate more than $3,000,000. 

• * Report Commissioner of Agi'icnltnre, ISSG, p. 228. 
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Bounties paid on Twxioua animals and birds from 1S7J to 1896. 


St^te or Territory. 

Bounty 

paid.' 

Total 

amount. 

State or Territory. 

Bounty 

paid,^ 

Total 

amount. 

Arixona 

1887-1895 

*810,000 


1874-1895 

$56,728 

California 

1886-1805 

210,346 



New Mexico 

1891-1895 

6,645 

Colorado 

1889-1895 

93,827 

New York 

1871-1896 

41,330 

Idaho 

1878-1895 

46,591 

Noi*tb Dakota 

1886-1895 

79,665 

lUincds... 

1877-1896 

89,566 

Oregon 

1886-1895 

67,748 

Indiana 

1876-1895 

22,600 

Pennsylvania 

1886-1887 

*150,000 

Iowa - 

1871-1895 

156,484 

Rhode Island 

1893-1895 

3,995 


1876-3895 

126,955 

South Dakota .... 

1887-1895 

40, 777 



Maine 

1871-1895 

49,500 

Texas 

1891-1892 

60,000 

Michigan 

1871-1895 

80,774 

Utah 

1888-1895 

8,129 

Minnesota 

1876-1895 

303,2:18 

Vermont ... 

1881-1895 

3^2,089 


1879-1895 

*36,000 
175 3»i7 

Washington 

1882-1895 

53,826 


Wisconsin 

1871-1896 

*313,500 

Nebraska 

JLOQt>— XOcHI 

1881-1896 

28,148 

Wyoming 

1886-1896* 

31,803 

Nevada 

1885-1895 

26,831 

Total 


2,387,361 






> Short periods show the years for which returns are available and do not necessarily include 
the whole tinio bounties wore in forco^ except in Arissona, Idaho, Montana, Nevada, New Mex- 
ico, Bhode Island, and Utah. 

* Estimated. 

« To March 31. 

The cost of a law depends of course on the length of time that it 
remains in force; but it is probable that any act which offers a suffi- 
ciently high premium to insure its enforcement will involve an expend- 
iture of from $5,000 to $20,000 per annum. In the following table ai’e 
given six of the most noted bounty laws iiassed’during the last decade, 
and it will be seen that while all but one remained in force less than 
two years, the expenditures varied from $50,000 to nearly $200,000. 
Such an exjiense as this could not long be maintained by any State, 
and, with the exception of the Illinois sparrow act and the Montana 
bounty law of 1895, all the laws have been repealed. 

Payments under sLc recent bounty laws. 


State. 

Act. 

In force. ^ 

Total 

bounty. 

Aver- 
age j)or 
month. 

California 

Coyote act 

18 months : Mar. 81, 1891-Sept. 80, 
1892. 

$187,485 j 

110, 41G 

Illinois 

Sparrow bounty ac,t 

16 months : Dec. 1, 1891-Peb. 29, 
1896. 

55,681 

8,710 

Montana 

Ground squirrel act 

6 months: Mar. 6, 1887-Sept. 18, 
1887, 

54,678 

0,096 

Do 

Wolf bounty law 

14 months : Feb. 26, 1806- Apr. 21, 
1896. 

80,871 

6,419 

Pennsylvania... 

Scalp act 

! 23 months : June 28, 1885-May 13, 
1887. 

>160,000 

6,521 

Texas 

Pyotoctionof farmers 

16 months: Apr.,1891-Ang.31,1892. 

50,000 

8,125 


>Thc time represents the period during which payments were actually made; for example, the 
California coyote law remained in Corce until January, 1895, and the claims amounted to nearly 
1400,000, but payments ceased on September 30, and only $187,485 was actually paid. The 
Illinois sparrow law is in force only during December, January, and February. 

* Estimated. • 
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OBJECTIONS TO THE BOUNTY SYSTEM. 

The difficulties encountered in carrying out the provisions of bounty 
laws are so great as to give rise to serious objections to such legisla- 
tion. No rewards for killing wild animals are i)aid by the General 
Got eminent in this country, for each State has jurisdiction over its 
noxious as well as its useful birds and mammals, and must make its 
own laws for each species. 

Bounty laws may be divided into three main groups: ^l) Acts pro- 
viding for the payment of i)remiums from the State treasury; (2) acts 
pennitting rewards to bo paid from county treasuries; (3) local acts 
maintained at the expense of township treasuries. Some States have 
found county bounties most effective; others have relied entirely on 
State bounties. In Michigan all three kinds are in oi)eration; boun- 
ties for wolves are paid by the State, rewards for English sparrows 
from the county treasuries, and premiums on woodchucks, hawks, 
crows, and moles by to^vn ships. Each method has its advantages, 
and each its defects. The advantages claimed for the State bounty 
are greater uniformity and efficiency; if the bounty is paid by coun- 
ties, its maintenance depends entirely on the interest manifested by 
each county, and the law is seldom enforced in all. A more serious 
defect lies in the varjing rates which are sure to be paid and the 
consequent danger that scalps will be carried where the liighest rate 
is paid and thus increase the exi>ense in counties which offer high 
premiums. The objection of inequality may be urged even more 
strongly against township bounties. Trouble is sometimes caused in 
States which have large forest or Indian reservations where animals 
can increase, as the adjoining counties are almost sure to receive 
scalps taken on the reservations, and are thus compelled to bear an 
expense which does not belong to them. 

Considerable difficulty is sometimes experienced in raising sufficient 
funds for paying rewards. In some States the premiums are paid 
from the general fund without limitation ; in others the bounty law 
carries a specific appropriation. The latter method has been adopted 
in Colorado, Minnesota, Montana, New Mexico, and Wyoming, but 
payments have not always been kept within the limit, and in case of 
an excess, a deficiency appropriation is necessary. To obviate this, a 
clause was inseiled in the Texas law of 1891 providing that the iict 
should become inoperative as soon as the approi)riation of $50,000 
was expended. This had the desired effect of limiting the payments, 
but it practically repealed the law, as the fund became exiiausted 
some months before the next meeting of the legislature. Payments 
from the general fund are open to the objection that the counties 
which contribute least toward the expenses of the State are usually 
the ones which draw most heavily for bounties. As such a burden is 
not only unequal, but the benefit which it confers is restricted to a 
oomparaitively small proportion of the taxpayers, some States require 
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a special tax for the bounty fund. In Montana^ where bounties benefit 
the cattle and sheep men almost exclusively, the law of 1895 author- 
ized% special tax of one and one-half mills per dollar on the assessed 
valiiatiort of all horses, cattle, and sheep, in addition to the regular 
proi)ortion of taxes set aside as a State bounty fund. The same 
principle has been adopted in Ohio and some of the counties of Vir- 
ginia where the rewards are paid from a dog tax or some other special 
fund. 

One of the most difiicult matters to regulate in connection with 
bounty legislation is tlie rate allowed for scalps. If the reward is too 
low, there is no inducement to destroy noxious animals, and the law 
becomes practically inoperative. This was the case with the Mon- 
tana act of 1879,. which apparently failed entirely, as the reports of 
the county treasurers fail to show the expenditure of a single dollar 
for bounties during the four years the law remained on the statute 
books. If, on the other hand, the rate is too high, the results are 
most disastrous. No treasury can stand the drain caused by a liigh 
bounty for any length of time. The coyote act of California went 
into effect March 31, 1891, but payments were stopped September 30, 
1892, «after $187,485 had been expended. The prairie-dog and squirrel 
bounty law of Montana, passed in 1887, remained in force but six 
months before the funds in the treasurj" wtjre exhausted. The coy- 
ote bounty of 1892 not only exhausted tlie regular appropriation of 
112,000, but necessitated a deficiency approi^riation of $17,343 to pay 
the claims which were presented against the State. Tlie Colorado 
bounti('S of 1889 involved such a heavy outlay that other appropria- 
tions from the same fund could not bo paid, and the law was finally 
declared unconstitutional by the supreme court of the State. 

Inequality in the rates offered in adjoining States or counties is 
almost as bad as a high premium, since scalps are likol}^ to be taken 
from localities wJiero tlie rewards are low to the nearest county which 
pays a high xiremium, and which is thus compelled to pay for animals 
which do not belong to it. In 1895 bounties on wolves and coyotes 
varied from $1.50 to $5 in the Black Hills region of South Dakota, 
while the rewards were $2 in North Dakota, $3 in Montana and Wyo- 
ming, and $5 in Iowa. Not only were scalps sent from one county to 
another, but rewards were claimed in Iowa for coyotes taken in South 
Dakota. While the coyote law was in forct: in California the pre- 
mium was $5, but in Nevada only 50 cents was allowed. Nevada 
reported the destruction of comparatively few coyotes, but thousands 
of scalps were presented for payment in California, and it was noto- 
rious that many were imported from neighboring States, and even 
from Lower California. 

Not less important tha*i the rate is the proof (which must be sub- 
mitted before the bounty is paid) that the animal has been killed as 
claimed. Many States require the scalps, including the ears, to be 
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produced as evidence, and it is imporiiint that theses scalps should 
be sufficient to identify the aniinalswitlioiit question in order to leave 
no chance for fraud. It will suffice merely to menlion a few 0f the 
ways in which rewards have been obtained fraudulently. Skins of 
dogs or other domesticated animals have been turned in as scalps 
of wolves or coyotes^ and in the case of small species^ when the heads 
have been accepted in one couuly and the tails demanded In another, 
the l)ounty has been collected on the same animals tvv^ice. One of the 
counties in North Dakota, which paid considerable sums for ground 
squirrels, first required the heads as ‘‘scalps;” then the tails; a year 
or two afterwards all four feet, and fiu<ally withdrew tJio bounty alto- 
gether. Tgnorancjo on the part of tlio bounty official sometimes results 
in the payment of premiums for species to which the law was never 
inbauled to apply. Dr. 1>. II. Warren, wliohas made a careful study 
of the scalp act” of Pennsylvania, slates that the Innids of domes- 
ticated fowis, partridges, pheasants, cuckoos, butcln^r birds, and even 
night liawks were a(ai(qit(3d in Stniie counlics as those of hawks and 
owls. 

Su<*h casf's asthes<‘emi>hasizetheimportanc<^ of protecting the Slate 
against imposition. If the bounty is paid by (‘ounty officers, it should 
be limited to sp<3cies which are readily recognizable. New Ilamp- 
sliirc offered rewards for hawks supposed to bo destructive to poultry 
and other birtls, and endeavored to meet the difficulty of identifiea- 
tiou b)*^ requiring the seleidmen of the town to certify that the hawks 
w*<‘r<‘ injurious bofore the bounties Avere x)aid, but, as the State treas- 
urer reanarked in a recent report, it is not likely that boards of select- 
men Avere electx^d on account of their jAroficiency in ornithology! 
Dritish Oolumbia, Avliich claims almost complete immunity from fraud- 
uhuit payments, restrkds tlio premiums to Avolves, coyotes, and pan- 
lh(M*s, and re([uircs the skull of the animal to bo X)resonted at the lb‘o- 
vimu'al Miiseu m, Avhere it is examined by the curator before the bounty 
is jmid. In some States the laAv demands tlio on tiro skin to be brought 
in for examination; such skins are canceled to prcAXut them from 
being i>rescnUxl a second time, and then returned to the OA^uior. In 
practice this nu^thod is likely to increase rather than diminish fraud, 
for the reason that skins are not canceled uniformly. In Vermont 
wolf skins are marked by punching Iavo holes a quarter of an inch in 
diameter in the ear; in Wyoming a single liolo half an iindi in diam- 
eter is punched in tlio ear, or sometimes a small hole in the foot; in 
Utali the skins are canceled by cutting the lotlors 13 P an inch and a 
half ill length in the neck. Thus, Wyoming skins, Avhich had been 
eanctoled by a hole in the foot, might bo presented in Utah if tlio feet 
were removed, and the heads could then be (3ut off and sent to a State 
Avhicih required only the scalps. It. is true the applicant is usually 
required to static under oath Avhero tlie animal was killed, and in 
Montana he must also file affidavits of Iavo resident taxpayers of 
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the county who are acquainted with him and who believe the animal 
to have been killed as claimed. The Montana law of 1895 declares 
the alteration or counterfeiting of scalp certificates to be forgery; 
swearing falsely to affidavits, perjury, punishable by imprisonment 
from one to ten years, while patching or presenting punched skins 
is defined as a misdemeanor punishable by a fine not exceeding $500 
or imprisonment for not more than three months. With all these 
precautions against fraud no reference is made to raising animals 
for bounty, a matter which has sometimes given rise to serious trouble, 
but which is expressly mentioned in the laws of only a few States. 
Cases have been recorded in which eggs of hawks and owls were taken 
from the nest and hatched under hens in order to secure premiums 
on the young birds. It was said to be more profitable in Iowa a few 
years ago to raise coyotes for the bounty than to raise sheep, and 
Kentucky and New Mexico, recognizing the possibility of breeding 
wolves, required affidavits showing that the animals had not been 
raised for the rewards. 

WHAT HAVE BOUNTIES ACCOMPLISHED? 

Advocates of the bounty system seem to think that almost any 
species can be exterminated in a short time if the premiums are only 
high enough. Extermination, however, is not a question of months, 
but of years; and it is a mistake to suppose that it can be accom- 
plished rapidly except under extraordinaiy circjimstances, as in the 
case of the buffalo and the fur soaL Theoretically, a l)ounty should 
be high enough to insure the destruction of at least a majority of the 
individuals during the first season, but it has already been shown 
that scarcely a single State has been able to maintain a high rate for 
more than a few months, and it is evident that the higher the rate the 
greater the danger of fraud. Although Virginia has encouraged the 
killing of wolves almost from the first settlement of the colony, and 
has sometimes paid as high as $25 apiece for their scalps, wolves wei’e 
not exterminated until about the middle of this century or until the 
rewards had been in force for more than two hundred years. Nor did 
they become extinct in England until the beginning of the sixteenth 
centurj^ although efforts toward their extermination had been begun 
in the reign of King Edgar (959-975). France, which has maintained 
bounties on these animals for more than a century, found it necessary, 
to increase the rewards to $30 and $40 in 1882, and in twelve years 
expended no less than $115,000 for nearly 8,000 wolves. 

Attention has already been called to some of the requisites of a suc- 
cessful method of extermination, and particularly to the fact that 
rewards should be paid wherever the animal is found. The bounty 
on wolves and coyotes mort neady satisfies these conditions, as it has 
been more generally paid than that on other species. Every State 
and Territory west of the Mississippi, except Arkansas and the Indian 
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Ta##Nry, has enar^ted laws for the destruction of these animals, but 
thi^ rditWts have not been altogether satisfactory, and the rates have 
freijpifttly been changed. High premiums have been tried in C^ali- 
foraia|i:Montana, and Texas, and found impi-acti cable. Each of these 
State»^»ffered $5 for coyote scalps for some time, and the outlay aggre- 
gated Ifandreds of thousands of dollars. Iowa and Minnesota are the 
only ’Western States which now pay more than 13 per s(*alp, and in 
Iowa t}®0 rate on young wolves is 12. It has, moreover, been impossi- 
ble to aicure the active cooperation of all the States, and wlnue the 
bounty#epends on the order of the board of county suj)ervisors it 
may, a»4n the ease of Idaho, become inoperative. 

The larger animals are gradually becoming rare, particularly in 
the Eaat^ but it can not be said that bounties have brought about, the 
extermination of a single sp<^cies in any St, ate. Wolves are now 
almost 0xtinct east of the Mississippi River except in IMorida and a 
few oth-ii* States, but- their present rarity is duo rathei* to the settle- 
ment ot^the country than to the number killed for rewards. On the 
(Treat Plains, where civilization has not yet encroa(»hed on their 
domaln^o any great extent, they have not de(*reas(‘(l rai)idly or even 
perceptibly in some pla(H\s, notwithstanding the high rewards for their 
scalps. It is piU'haps safe t.o say that <*oyotes have increased in Oali- 
fornia in the four years which have elapsed sinc<» bounties were 
withdrawn, and that the eire<*ts of the law of ISlil are hardly ])er- 
ceptible* 

Maiiielias en<*ouraged the killing of bears ever since 1S30, but the 
returns the last live yeai*s do not shoAv any dc'icided <lecr(‘ase in 
the scal|^ presented for bounty. New Hampshire has been pacing 
for beaDb about as long as Maine, hut in 18!)-t the Slate treasurer 
(*alled attention to the large number report, (sl by four or five of 
the towils, and ad<led that should the other 23k towns “be equally 
suci^essfill in breeding wild animals for the State market, in ])ro- 
l>ortion their tax levy, it would require a State tax levy of nearly 
two million ilollars to i)ay the bounty claims.” Even New York with- 
drew tli^frewanls on iK'ars ill 1895, not becaus<‘ t hey had be<M)m(>s uun(‘C- 
essary, bnt because the number of animals kille<i in(*reascd steadily 
each yetr. 

If th||R is the result when bounties on large animals are paid by 
many i^ates, what can be expected in the case of squirrels, go[)hers, 
and raj^bits, which immensely more numerous tlian wolves or 
boar*s^ And against w hich legislation has been at best ext remely desul- 
tory? {?Ada County, hlalio, waged war on rabbits for seventeen years, 
but afibr destroying more than a million abaiidone<l the bounty 
methi 0 #. Iowa, Minnesota, and South Dakota have tried to nd their 
landBff pocket gophers and ground squirrels, but tlie efTect of the 
laws;|ra8 far more evident on the county treasuries than on the 
12 a96 5 
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animals. The destruction of a million ground squirrels in onftiKmnty 
in Washington did not exterminate the species, and Montana, inl^illing 
712J.92 squirrels and 189,678 i)mirie dogs in 1887, probably made 
little impression on the total nuuil)er in the State. In the earlywven- 
ties California authorized the levying of special taxes at high rates 
for killing gophers and gn)und squirrels, and later enacted la#s pro- 
viding for the division of certain counties into squirrel districts in 
charge of inspectors, and required ov^ners to kill the squimdson their 
land or pay for having them destroyed by tlu‘ insi)ector8. Systematic 
efforts were made to exterminate these posts, but the attempt was 
abandoned on account of the expense. So little effect ha<l these laws 
that to-day squirrels are practiciilly as abumlant as ev(‘r, and not long 
ago an inquiry was received from a resident in one of the counties 
which was most active in the work of extermination asking whether 
anything had ever been doJio to (hock the increase of the Californian 
ground squirrel! Nearly three inillion sparrows have been destroyed 
ill Illinois during the last five years, and probably us many, if not more, 
have been killed in Michigan since 1887, ]>ut tJie lav^s Imv© aceom- 
plislu'd so little that some doubt exists as to whether the birds have 
lierc^eptibly diminished or not. Some ornithologists in thesse Slates 
assert that the decrease is (piite notic^eable, while otln^rs a(*knowledge 
that the bounties have had little if any effect. 

On the island ef Bermuda, which has an area of less than gOscpiare 
miles, an attem])t was made to e\t<‘rminate the Knglisli sparrow only 
ten years aften* the speen^s had been intro(lu(*e(l; but after two years, 
the exp<‘riment, whi(h had eost more than was abandoiKMl as 

imiiractiealile. In India, where tlio loss of lif(5 and of domnstic^ated 
animals on aieiwint of the depreciations of wild animals and 0nak(\s is 
enormous, bounties are paid in most of tlm jirovinces. 'Hm oflieial 
ret urns for 1893 showed that 2,828 people and 8o,i31 liead of <‘attle 
had been destroycMi by animals, while' 21,21.3 j)ersons and 5,122 liead 
of cattle were said to have Ixnm kilhxl by snakes. In this year boun- 
ties to the amount of 117,448 rupees (nominally ^58, 724) were paid 
for the killing of 15, .308 wild animals and 117,120 snakes. Although 
these expendituivs have be<ui maintained for twimty years, the num- 
ber of animals annuall} killed shows no peiwplible deenmBe, and 
it is impossible to estimate what the extermination will finally cost 
the Government. But if bounties have failed to acc'ompliah the 
actual extermination of any species, there can b(‘ no doubt that 
they have secuired the destruction of large numbers of noxitms ani- 
mals, and have done some good in checking the increase 0if sucli 
species as wolves and coyotes. If premiums are paid in s'feveral 
States, do not involve too great expense, and can only l)^ main- 
tained long enough, will do much toward the ac(;ompliahment 
of the desired end, and may be regardixl as a legitimate expenditure 
of public funds. 
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SUBSTITUTES FOK BOUNTIES. 

Th^ nusatisfactory results attaiued by the diro(5t payment of rewards 
from public funds long ago led to the attempt to gain the same enfl by 
other means. In colonial times the Indians were encouraged to kill 
wolves and other animals, and the planters were often recpiired to 
destroy a certain number of blackbirds, crows, or scpniTels each year 
under penalty of fine. Scalps of crows, squirrels, and even wild-eats 
were received in lieu of taxes, but as this method had some disail- 
vantages in practice the s(*-alp certificates issued by county officials 
were accepted in payment of taxes. 

(Competitive hunts and prizes offered by gun clubs sometimes cause 
the killing of a surprising number of birds and animals. In Ohio a 
few yeats ago nearly a thousand sparrows were killed in one hunt, 
and the Sparrow (lub of Stratford-on-Avon, England, rei)ort<^d that 
10,(K)0 Sparrows destroyed during the year 1887. The Virginia 
Field Sports Association distributiMl ♦lOO in prizes for the killing of 
iU‘Hrly 1,000 hawks in 1888; this was less than one-fifth what it would 
cost the State f<»r bounties. Prizes offeied by the Luzerne C-oimty 
Sportsmen’s Club of Pennsylvania in 1895 seeunnl the destruction of 
37H animiils, 4:2 hawks, and 4 owls. In the rabbit drives of C^alifornia, 
which ak^ sometimes paid for from i>iiblic funds, as many as 20,(K)0 
jack rabbits have been killed in a day. The great, danger in tlie ease 
of prizes is tliat useful and injurious species will be killed indiscrim- 
inately, but und(»r proper restri<*tions this could be avoided, and clubs 
might do much more toward the extermination of animals than is 
now accomplished by bounties. 

Another i^xpediimt which has beam resorted to, particularly in 
North Dakota, South Dakota, WashiiigUm, ami Manitoba, is the free 
distribution of strychnine or other poison. The results seem to be 
epiite satisfactory, and it is said that more animals are destroyed 
at much less (»ost. than under the bounty system. Reference has 
already been made to the ground-squirrel k‘gislation of (■alifornia 
which promised s<» much but aeconiplished so little on account of the 
expense, notwith standing the fact that everything was done to render 
the laws effective. 

SUMMARY. 

(1) Bounty legislation has e\istc<I in the Ignited Stales for more 
than two centuries ami a half, and has been thoroughly tested in most, 
of the States and Territories. 

(2) Bew’ards have been paid (a) on largo animals, such as w^olves, 
<‘oyot^ bears, and panthei*a; (ft) on small mammals, i>articiilaily 
gophers, ground squirrels, and rabbits; (r) on a few binls, such as 
crows, English sparrows, hawks, and owls. • 

(3) This legislation has probably involved an exx)en<liture of over 
$3,000, (X^ in the last quarter of a century, and the expense seems t o l)e 



68 YBABBOOK OP THE U. 8. DEPARTMENT OP AORICULTURE. 

increaBing instead of decreasing. Single laws have caused an outlay 
of nearly $200,000 in less than two years, and it is safe to say that 
any«act/ which ((arries a sufficiently high rew'ard to insure its opi^tion 
will cost from $6,000 to $20,000 per annum. 

(4) Objections to the bounty system may be groujwd under four 
main heads: (a) Expense, w'hich is usually out of all proimrtion to the 
Imneiit gained, and may be greater than the county or State can 
afford; (&) imjmssibility of mainteining bounties in all parte of an 
animal’s range for any length of time; (c) impossibility of maintain- 
ing equal rates in all States; (d) impossibility of preventing jayments 
for animals imported from other States, foi* eoun1.(*rfeit scalpa, or for 
animals ^ai8(^d especially for the bounty. Those objections have 
never been satisfactorily overcome, and most laws have failed through 
one or another of these causes. 

(6) lloiiuties have not resulted in the extermination of a single 
species in the Unitod States, and have failed e.v(‘n in tlu* island of 
Bermuda, which has an area of less than 20 scpiare miles. 

(0) Rewards for wolves, coyot.<‘s, and jmnthers are now so generally 
paid as to check the increa.se of thc.se si>ecies to some extent, but pre- 
miums on ground scpiirrels, gophei-s, and oth<*r small mamiaals liavc 
accomplished little or nothing, and bounties on birds may do great 
harm by encouraging the killing of luseful .species t hrough igooraius!. 

(7) Extermination of noxious animals is usually slow and can la* 
accomplished more etfectix’ely and e<-oriomically through the efforts 
of individual land owners than by the lavisli expenditure of public 
funds. 



TKK IISK OF STEAJl APPAKATUS FOR SPRAYINO* 


By L. o. Howard, Ph. D.. 

Enfimuilogiaf, U, S. Department of Ayr ieult tire. 

({ENKKAL KKMAKKS. 

In the arthilD on ‘"YIh'j shade-troo iimert probUnn in the <^astorn 
United Slat (*s,” published in the Yearbook of tiie Dei^ariment of A^ri- 
cultur€^or 18h5 (p[). the writ^er urged tlu^ adoption of steam 

sprayim apimratus in eities and towns where shade ti’oos suffer e8p<‘- 
cially «)in tlie attacks, of insects, aiul nioj*<? particularly whej*e the 
shade large. A bri<‘f d(*script ion in general terms of the 

neceSfiWy ])<»ints to be considered in the (tonstrucdion of su(*h an apj)a- 
rat^iB^ilw als()gi veil. As aiiartial result, it is to be hoped, of tliis recom- 
mendawn, but also independent ly, \'vom the obvious ne<*essit ies of the 
c^se, ftMumber of steam machines have been adapted or <*onstructed 
for thifi®urpose in noilheastern cities during the s(*ason of 1800, and 
all luiVwxauL operated with a considerable degn^i^ of success. 

The Moiition of steam-jiower siiraying has been a net^essary and 
expectw outgrowth of the remarkable extension in tin* use of hand 
siirayiw machines during the iiast ten years. At. the time when the 
investj&tion of llie cotton caterpillar of the South was begun, just 
befom«88(), pra<‘lie,ally no spraying nnudiines were on the market. 
There .were one or two bucket pumps, which, however, were not 
espeoiliiiy desiginnl for work against insects, and one or two cum- 
brous knap8a(*k ajiparatuses for use against the ('olorado potato lieetle 
had lieeiii devised. The investigation of the cotton caterpillar resulted 
in the invention, mainly by the late Dr. W. S. Barnard, working 
under tlie direction of Dr. Riley, of a number of machines for field 
distribution of liipiid ])oisons, and above all in the prodnc.tion of the 
“Eddyrcliambei*,” oi’ cyclone, system of nozzles, which has sin(*e 
becoitt!0 so prominent in insecticide and fungicide work. The <iiscov- 
<^ry at a sonnnvhat later date of the value of licpiid apidications as 
fungioldes wdih vineyard work brought almut the invention ami maim- 
facturSb of a servi(^eable scries of knapsack pumps, amt tlu^ almost 
siinultiineous discovery of the applicability of liipiid ])oisous as a 
reme!% against the c(xlling moth and plum curculio in apple and 
peaeb^brchanls started the construction of hand spraying apparatuses 
on a liirger sc^ale and mounted upon wheels flir orchard work. A still 
later outgrowth in this line of work is the adoption, although as 
• i;U 
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jet to a slight extent, of horsepower attachments, bringing a^nt a 
spray through the slow progress of the horse through the orchard 

MACHINES FOR ORCHARD SPRAYIN(3. 

Probably the first att^empt with the use of steam as a motive power 
for the orchard-spraying macliiiie was made in ( -alifornia. The writer 
is iiiforiued b^' Mr. Alexander Craw, quarantine oflicer and entomolo- 
gist to the State board of horticulture of California, that in the early 
eighties Messrs. Wolfskill and Goodwin, of Los Angelos, each pur- 
chased steam boilers and pumps for spraying their orange and lemon 
groves, the work at that time being directed mainly against the whito 
or fluted scale {Irf.njn ]))irc1iasi)y afterwards nearly exterminated by 
the introduction of the Australian ladybird {Vfdalia cardE«7n(7/,<<), 



1.— Hand apiiaratna usod by J. W. Wolfskill at Loh Anjjroles, Cal. 


and against the blac'k scale [Tjemnium oletv). After thoroughly try- 
ing tin* machine, Mr. Wolfskill abandoin*d it and wont back to the 
force jiumps, as one man (the one that drove the hors(i) c;oul<| pump 
for from one to four lines of hose and shut off the press.ure in any 
line not at the time being used. Mr. Goodwin used his niacliine for 
two seasons and then abandoned it for the same reasons. Mf, Craw 
is not certain as to the exact date of the construction of tliese 
machines, but thinks that it was probably IHSl or 1882, sin«se Mr. 
Wolfskill pro]K>sed to name his machine ‘‘Totno<*era,’’ after thf prin- 
cipal chalcidid parasito of the black scale, fi!\st described l^y the 
writer in 1880. The main difficulty found with the steam ma^^hiiies 
was in regulating the foice. As long as thei^o was an abundant dis- 
charge, the pump would work all right, but it was found to be most 
difficult to shut off or reduce the nozzles to a very fine spray. This 
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could have been overcome with a ‘‘ governor” or fly Avheel, to , 
steady, the stroke, but thei^e was, as previously stated, no saving of 
labor, 8in<?e with the best hand force pumps the work of i>umping%\ as 
not very hard. 

The hand-pump spraying outfit adopted by Mr. Wolfskin after ho 
aban(}oiie<] his steam spraying machine was illustrated (PI. V, Report 
of the Entomologist) in the Annual Report of the Department of Agri- 
culture for 1880. We have been unable to secure an illustration of 
the atmudoned machine, but reproduce (lig. 1) the Hgure of the hand- 
I>ower substitute, which is interesting from sev^eral standpoints, i)er- 
haps jjarlicularly on account of the ingenious wheel ladders adopted 
for use an old orange tribes, which are obviously injpossible to climb. 
This aniangement has since come into more or h^ss general use for 



Ft«. view of steam appanitUvS ofinstruoted i»y Hoyt's Sons, Now (^anaan, (’onn. 


The difficulties tuicountered by Messrs. Wolfskili and (h)odwin may 
have beien anticijuited by others to such a degree that other experi- 
ments in this line were not soon made, or, wliat is more i)rolMible, the 
use of hand apparatus was found so satisfa(?tory that the necessity 
for thause of steam power was not apparent. At all events, no experi- 
mentsdn this line have come to our attention down to lSi)4. In this 
year Stephen Hoyt’s Hons, of New Canaan, ('Onn., had an apparatus 
constrlicteil for use on their own estate, wiiore fruit and ornamental 
trees and vines and plants of a iiuiiiIkm' of different varieties are 
grown* ^ Under date of August 1 tjieso geiitlomeu wrote that the 


’This is the machine shown by Mr. Lcxleitian in his hook on The Spraying of 
Planiu, Ma<;millan <fe Oo., JSOlk p. 194, ns “ the first su(*(*essfnl spraying outfit using 
steam po\^er. *’ 
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miK^hinc is still found to i>e very useful, and it is particularly litoed on 
account of the ease and rapidity of operation, the pump l>eing capal^le^^f 
throwing a goiui stream over the tallest trees. ” The details of thisflippar 
ratus Avere given in the Nineteenth Annual Report of the Coniiasctieut 
Agricultural Experiment Station, 1805 (pp. 21()~210). The faelis con- 
cerning the ma<ihine, ascominunicated hy Messrs. Hoyt, are as follows: 


* * * The boiler was made by Charles W. Foster, in New Haven, and will 
generate steam sufficient to i)rodnce five or six liorsepowcT at a pressure of 100 
pounds. The cost was $200. The pumps wert^ made hy tin*. Marsh Bteapn Pump 
Comi)any, Battle Creek, Mich. We got two pumps, size BB, and intt^ncW to run 
them both for spraying. I had one aiTanged to feed the boiler and to spray also, 
but found this did not work satisfactorily, sf) bought another, two sires larger 
(size D), using the smaller pumj) for boiler feed only. The BB size is ‘Quoted at 
$50, less 50 per cent. This is too large for a feed pump to a boik^r of this'loapacity, 



and did wo not have it, would have bought th«* smaller size, whicli is quoted at 
$30, less 50 per cent. 

Our 300-gallon tank was made by George F. Johnson, Nt‘W Canaan, (J^n., and 
is partitioned off to hold 75 gallons of water to feed the boiler, and 225 gallons of 
mixture for spraying. This tank was bolted and ironed all through, aiubcost $40. 
Our hose, from the Mineralized Rubber (A)mpany, was three-fourths inch ; but we 
advise getting one-half inch hose, as the strain is not so great, nor is it so %eavy to 
handle. We used two lines of hose, each 1(K) feet long. The Mc(4owait nozzle 
does very good work, and is quite economical with the solution. We al^^ found 
the Daisy nozzle, made in New Haven, exc’ellent for tree spraying. 

Although our boiler uses coal or wood for fuel, we bought it partly for ^mother 
purpose, and would advise for spraying simply to use a boiler heated by oil, us 
much more convenient. For a Ijoiler feed-pump would suggest the Marsh; size B, 
and for spraying, a duplex high-service pump, or one that wotild give a pressure of 
at least 150 pounds, such as are made by Worthington, Dean, Knowles, or Snow, 
The total cost of an outfit would average from $275 to $375. according to site. 

; llluHtratiouB of tliis iiuichiiie arc given in figs. 2 and 3. 
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Pcti^liapH tho next experimental steam apparatus for orchard work 
was built by W. K. Gunnis, of San Diego, (M. This is the machine 
which was briefly described in In8t)ciL1fe(Vol. VII, p. 4K}), under She 
caption ‘‘Spraying on a large scale.’’ The machine was probably (*on- 
structed a little later than that of Messrs. Hoyt, but during the same 
year (18?H). It was designed by Mr. Gunnis’s son, H. 11. Gunnis, and 
we wem informed in August, 1800, that, it was at that time the only 
practicai powtu* sprayer in operation in (?alifoj*uia, except an exa<*t 
cox>y of it built by tlui Union Gas Kngine (-ompany, of San Ph*ancisco 
(now in use at Ilivnu'side by Mr. lAOix Havens), from drawings taken 
from this macliino in its nnimprovefl stab^ while at work in Santa 
Barbara, in lS0r>. Mr. Marlat.i, however, visiting (California in No- 
vember, found an admirable machine at work at tin' Las Fnentos 
ranch, Santa Ibirbnra, under the direction of Mr. K. Kahlcr, (H>pie<l in 



Fkj 4 - Itiglit'liuuil sidf (i£ Hiram spiuyiiig uumhitH'* roiistrurted by W K. UuimiH, Sun UieKo, Cal. 


the main from llic (Tiinnis machine. We have received <‘xccllent 
photographs of tliisma<dumGn oj>eration tlirough tlie kindness of Mr. 
Kahler, but unfortunately too late for reproduction. 

The details of the (Ennuis nnachine are as follows: 

Thepuiiip for dtdiviTiug spray iiuitcrial is of horizontal, doable-cylinder, plunger 
typ<b capable of working against a i)ressur<* of i?50 pounds to tlio snnar(> inch, and 
is operated by a 1 -horsepower gas engine, A large tank of 100 gallons capacity 
contains spray fluid, a small s(inarc tank crmtains gjisoline snflndent to run the 
engine one or two days, and the other tank contains water, which is circulattnl by 
a 8mailjpUTni> around the cylinder of th<» engine, thence through a (5oil inside of 
the main tank, where it is <*o<jled, thou back into its own tank. 

In tha rear of the pump is an air chamber and a pressure gauge, and at the 
extreme end of the platform are connec’tions with stopccK'ks for four or more lines 
of hog#*' Forward from the air chaml)er runs an overflow pip(^ into the supply 
tank, having in it an adjustable relief valve, which liuiiniains a normal prevssure 
whew gomt> of the spray nozzles are shut off. The overflow Is delivered through 
two nozzlqp set at an angU. thus keei^ing the inixi-ure continually agitated. 
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In order to obviiU^e frequent stoppage for the purpose of reEUing the tMUthy the 
machine is provided with a tender— a 50-gallon tank hung l>etween loWt htoad 
w^els and drawn by one horse. 

On the left side of the machine is shown a rotary pump driven by a belt from 
the engine, running over a friction clutch pulley, tlie discharge jniie of this pntnp 
being carried into the top of the main tank and the suction extending below the 
bed of the wagon. 

The spray material is mixed in the tender, which is driven alongside thetnachine, 
and connection made by a length of suction hose to the rotary pump ; ttee pump 
is thrown into gear, and in two minutes the 50 gallons of mixture is tmtislerred 
to the main tank without interfering in any way with the work of the figKrayers. 

The spray nozzles are placed on the ends of extension rods of one-eighth or one- 
fourth inch pipecovered with bamboo, each rod having a glol)e valve at itbhose end. 

The usual crew <’.onsists of six — four sprayers, a driver, and a boy to drive the 
tender. In ordinary work two rows of trees are sprayed at a time, two men to a 
tree, but if the trees are very large eight sprayers may operate ec^momieally. 



Ml*, (jrumiis writes that this inaehine has jiroved to h(‘ an entire 
success, both for oMeiency and economy, and some vovy lai*ge brcliards 
have been treated wiih it wliere a han<l imnip wonhl have* liecn entirely 
useless. 

Both sides of the (tunnis apparatus are sliown in ligs. t and 5, 

It will be observed that according to Mr. Gunnis the machine built 
by the Union Gas Engine (Company, of San Franidsco, was di^sigtied 
from the unperfeeted Gunnis macliine of 1895. llio Pacific. Rural 
Press, June 13, 1890, gives a figure of what is practically the same 
machine, which we have reproduced (fig. 0), with the statement that it 
is a gasoline spraying plant. i*ecently constructed by the XJnien Gas 
Engine Gompany for the Las Fuentos ranch of Santa Barbara. The 
machine is said to be designed by Arthur Ikdl, consulting engineer of 
the Alcatraz Asphalt Cmiipany. It is described as follows: 

The plant consists of a 1 -horsepower Union gasoline engine, to which is connqcted 
a special double-acting pump, so arranged as tf) draw from the solution tatil^juad 
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« verticni receiver at a pressure of 250 pounds per square inch. At the 
receiver ii a hy-pass, so arranged that the extra solution which is not imme<iiately 
carried off through the spraying noxzles is returned under pressure to the solution 
tank^ aud keeps the same ciinstantly agitated. Tlie circulating water for tlio 
engine is carried in the lower square tank, and after passing around the cylinder 
it is returned through a t^oil in the solution tank to its starting point, being in this 
way used over and over again. The sinall oblong tank on top of tlie water tank 
contains the small aniount of gasoline necessary to run the plant for a day. 

The whole is sot on a wooden basf*, <*,overed with a galvanizcMl sheet-iron pan, 
and is of a suitable size to go on an ordinary wagon running gear. The host) con- 
nections, of which there are four, are at the rear end of tlie wagon, thus lieing in 
ft convenieAt position for ojieration. 

The compound tank has a capacity of KK) gallons, tht* weight of the entirt* outfit 
lieing about 750 pounds, and is put iiikui the market, t*omplett) , for The illus- 

tration represents the first one built, whitdi is now in use and giving satisfaction. 

Slupinaii Engiiio Mann factoring Ooinpany, of Rocdiostor, X. V., 
which lia« for a long time been buihliiig onginf?» ib*viccs for farmers for 
use in <‘iitting and grinding fWd, for sawing wood, for the* dairy, and 



Ku» r*.- Ootuil^ oi Ktt'uin si>niyins nifu lmi** by Uioon (4as Engine Coinnaio*. San 

Francisco, Cal., on tlio hiu"< of tho OunniK inat‘hnu» 


for other jnirjiost^s about tho farm, built during the w iiiUM* of ISP.VIM), 
a spraying (uiginc Avhi<*li was pbussl with tlu^ Massachusetts Agricul- 
tural Experiment Station, at Amherst. Th(‘ apiiaratus esmsisted of 
tho Shipman spray pump connccltMl with a J5()-gall<m lank mounte<l 
on springs on a low-whcchKl truck. The machine was used by Prof. 
S. T. Maynanl, of the Agricultural Experiment Station at AihIku-sI, 
witli ])aris green, bordeaux mixture, ami k(‘ros<me (‘inulsion. No 
trouble WHS ex]HU-ieneed in reaidiing the lojis (»f tre(\s wdtli the sjiray, 
axul th6,*appHratus was consider<‘<I by Professor Maynard to be sm*- 
eessfuL Ttie greatest, disadvantage was found to be tlu^ haiscuiing of 
tlu^ joints of pi]nng, ow ing to the rju'king of the Avagon. This, how- 
ever, i» a matUu* whieh could be easily remedie<l. Professor i\fayiiar<l 
found titat the great advantage of the machine over the hand or geared 
pump cousiste<l in the fact that, the full power c*an be a}q>li<‘d qiii<dvly 
and ^jl]Miit off quickly, and can be run whether the lank is moviTig oi* 
Htatlqr^iy. No difficulty was found in thniwing two streams <*ojitiu- 
uouAly ami 5a covering both sides of a row of appl(‘ t rees as fast, as the 
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team moved among them. We have no illustration of this mac^hihe- 
Ttie engine-manufacturing company advisi^ using an autoinatic oil- 
bvrning boiler, although the engine maybe fitted with a light improved 
coal or wood burning boiler with a spray i)uiiip and special pattern of 
steam pump, designed sol<dy for the pur}>ose, having all parts with 
which the liquid comes in contact inad(^ of p]ios]>h<>r-bronze avoid 
corrosion. Ko. 1 has a (‘ai)acity of S, 000 or 10,000 gallons j)er day of 
ten hours, and No. 2 has a capacity of 20,000 1o 25,000 gallons for the 
same time. Running (*onstantly at ordinary (*aj)acity, No. 1 will con- 
sume about 4 gallons and No. 2 about K gallons of oil p<M* day. The 
price of No. 1, mounted, in<dn<Iing a 200-gallon lliiid tank, t#ol chest, 
and agitatiiigdevici^, without^ hose and nozzles, is #2no. No. 2, mounted 
the same way, is $400. 



The ma<ihines just (h'scrjlasl are the only ones whi<*li have been 
constrmded for or<*hard use of which, aft<*r eonsithu’ablc correspond- 
ence, we have been able to learn exact details. Others, hewever, 
have presumably Ix^en constructed, and, in fact, Mr. T. J>. Wilson, of 
Ontario C^ounty, N. Y., describes, in tln^ Rural N<‘W Yorker, July 4, 
1800, a machine (fig. 7) which ho has had const.rueto<l and w’hich he 
has operated, in the following words: 

Last winter I secured a Spraying outfit, consisting of* a 1-hors© Acme engine 
complete, placed on a frame so that it could he fastened on a i»latfonn bu8t for a 
common luml)er wagon, with one small (‘an for tlu^ oil and another f 9 r the water 
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stfcpplY engine. On the hack part of the wagon wo have a cask that will 

liold ahont 15() gallons of water, and from the engine we run a hrasH rod through 
the hottcan of the tank with two jmddles fastened to the rod on the inside of the 
tank aa an agitator—and it is a good one. The steam generated by the engin^is 
conveyM in a pipe to a steam pump (solid brass), and this steam pump does the 
spraying. 

It takes one man or boy to drive the huim, two men to oi»erate the nozasles (we 
us© two nozzles of 4 vermorels each) , and fme to care f(jr the engine. My boy, 13 
years old^ with the old team, went out among my neighlKu-s. He took ( barge of 
the engine; the farmers furnish the other hel]) and all the material, pay $5 iier day 
for the use of the vig^ 
and are much ideased 
to get it at that ju-ice. 

The common price Ik ‘ re 
for spraying is 4 c<ui1s 
per tree foi* each spray- 
ing, the sprayer to fur- 
nish all materials. 

With this ma<dnne w<^ 
can spray 500 trees, 25 
years old^ in a day, do- 
ing it much better than 
by hand. The engdne 
carries 100 pounds of 
steam, and the relief 
valve is set so that each 
hoM‘ gets 70 ])oun(ls 
ju’essure to the scjuare 
inch. I really think 
that this is the best 
method yet devised for 
doing tlmrough work. 

We have a fine spray, a 
g(M)d agitator, and a 
good I -horse engine for 
other pur|)oseK. 

In this brief ac- 
count is for(*sha(l- 
ow^cd the probab](‘ 
m othod of t h o f 1 1 1 u rc 

« . Kio s (Jcarftl uutomuti* npruNMT nsi*(l bv J S l^uptou, Wm- 

UHC of stiOHin Spray- rUosUn^, Vu. 

ing otxtfits for or- 
chard purposes. It is not likely that th<» firojiricdor (‘ven of a reason- 
ably layge oixdiard will go to 1]u‘ <‘xpciiHe of first cost of constructing 
a steam siiraying apparatus wlicu In' alrea<ly has a lunul a()paratus 
which aceoTii 1)1 ishes the work ceoiiomically and witli a reasonable 
amoutlt of expedition. In fad, one of tlie most successful ap])lc 
growers in Virginia, Dr. John S. Lupton, of Winchestiu*, Ya., has told 
the writer that he would have no use for sti^ain apparatus. Dr. 
Luplltm, it sliould be u rulers toml, owns a 40-acre ordiard of fine New- 
town pippins, wiiich he sprays two or three times (‘very year b}^ means 
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of the machine illustrated by fig, 8. "Fhis is a simple apparatus #Wcih 
sprays by means of an auiornatie gearing, the motion of the wheels of 
tl{^^ tank cartf imparting the impetus to the pump by means of a gear 
chain and sx) rocket wheel. He runs two lines of liose from lits pump 
and directs them both at the same tree as the Jiorse moves slowly 
between the rows. One si)ray is direc'^ted at the lo]) of tlie ti*ee and the 
other at the bottom of the same tree. In this way one side of an 
entire row is (piickly sprayi^d, and the horse ret urning ii})on theotlmr 
side this is also sprayed in the same manner. It would seem ditficult 
to spray thoroughly in this manner, but J)r. Lupton has had the best 
results f rom liis sprayings of anyfruit grower of our acquaintance. 
further proof of this statement is needed tlian the fact that ho will 
this y€‘ar pick 1,200 barrels of unsjjotted apples from his 40 a<!res. 
So perfect is their condition that he has boon otbu'cd i>er barrel 
for the lot. This result lias been ol)taine<l in what is called an ‘‘off 
year” for apples in the State of ^’irginia. 

The steam ap|)aratns in orchards, however, will b<* used in the man- 
ner ISlr. T. 1). Wilson has used his. A man with small capital and 
some mechanical skill has a <duince to make money as a public sprayer 
in a fruit-growing region, an<l we confidently <‘\pect to see the use of 
steam ap[iaratns d(^velo]) 0 (l along thes(' lin«*s to a striking extent. 

M.\(^HINKS FOR SPRAYIN(J SHADK TREES JN CITIES AND TOWNS. 

Th<^ other phase of the subject is the use of such apparatus in cities 
and towns for sj^rayiiig the shade trees. In a lai’ge city, where fr<^- 
(pieutiy many thousands of trees are to be sprayed in a short time 
(the shorter the better), a single sU^am sxmiying apt>arat.us will do the 
work of many hand ina(*hinos. I’lie writer has roi)eatcdly urged the 
construction of such an ap]>aratus for shade-tree w()i‘k in the city of 
Washington, but has failed to cominainl the Jief»d<^d interest from 
I)ersons in authority. 

It is interesting to (HUitrast with this exi)<u*i(*nc(^ the (*nlighten<*d 
energy shown by the Forestry Club of Farmington, Fonii. Tliis s(wu- 
ety has constructed at its own exx>ensc an ai)i>Hratus (fig. U) whicli is 
described by the se(*reiary, Mr. II. H. Mason, as follows: 

The outfit cotibiflts of a ifiatforiri 14 feot long, 5 feet wide, made of 2-inch plank, 
with two 4 by (t incli timbers, one on each sidt} to strengthen the floor anS make a 
ledge to prevent tools and such things from falling off, Tliis jdatfonn is mounted 
on a sH3t of wheels with rims 0 inches wide and about 24 and 28 inches in diameter, 
the wheels so arrangt^cl that the machine can lie tuxiied very short. 

The solution tank is an uiiright cypress tank, built of 2-inch plank, andnaeranged 
with iron bands that can be tightened with a wreindi as occ;iisi(»n requires to take 
up shrinkage, the tank being 4 feet in diameter and 4 feet high, with a capacity 
of 825 gallons. 

The pump and boiler was made by the Blake Manufacturing Company of Boston, 
and consists of an upright tubular boiler 22 inches in diameter and 4 fe4^i high. 
The pump is of the direct-acting tyx>e, with steam cylinder 4 inches and 
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cflitiSisr H inches in <liameter. The pump is brass lined and fitted throughout 
It is capable of delivering two streams of water at a pressure of 150 
pounds, with boiler pressure of 90 |K>unds. 

Tho machine is fitted with pressure gauge and relief valve to prevent bnrst^g 
the boss in case the hose be suddenly shut off, the pressure gauge's principal value 
being to show at a glance if the piiinp is doing its full duty. 

Our hose is 2^inch, heavy mineralized, and will stand 200 iwmnds pressure; the 
couplings must bt^ extra strong and strongly put on. 

A barrel of water for boiler feed is carried on the platform. Our experience 
|)oints to^he desirability of having the Ixuler feed piimi) separate from the steam 
pump and worked by liand. 

A small spraying pumj) (so calh^) fastened to the side of the solution tank with 
hose connections to water ban*el and Iwnler feed c(xjk vrill prove more convenient 
and economical of time. This can be worked by the driver when necessary. 



Fin apTMiratuH owned )iy tho Farmington Forostry t^ub, Farmington, Conn, 

McGk)TOn nozzles are used. A JH-foot extension ladder, also a 40>foot extension 
witli extra tip 10 feet long, completes the outfit. 

These are carried on ea<*li side on the tiiiil>er8 Is'fort' inentiomHl. Tlie timl^ers 
extend in rear of the platform, and are used to hang the coils of hose on. 

The boiler stands dire<‘tly over the rear axle, and is fired from the rear end of 
the wagon. Much difficulty wiis experienced with the lime solidifying in the 
pump imtil ’vre placed a large strainer of very fine brass-wire (doth ovtu* the suc- 
tion in Hie tank, the sides of the strainer being of Ixiiird, with the cloth nailed 
firmly the edges. It is very efficient and cheap, and is economical, as it saves 
any manipulation of the lime, such as straining, etr'. No trouble by clogging has 
since bafen experienced. • 

the stirring of the solution is best done by hand, tho driver a ttending to 
that^jK^h a wooden paddle through h hole H inches sciuare in the top of the tank. 
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A pQfppet safety valve should be used in place of the lever valve 
account of the jarring, dislodging the weight on the lever and consequStet 
on the boiler. 

<rwo poles, 16 feet and 24 feet, with hose attached, are used on all treeanot over 
85 feet high, and on the lower branches of large trees, an<i by saving the^limbing 
facilitate operations very much. 


As the direct outcome of the extraordinary abundance of fh© ©Un- 
leaf beetle in the Connecticut River Yalloy and its northwatd exten- 
sion up this valley during the season of ISbo, steam-power ©praying 
machines have been constructed by the cities of New Havens Spring- 
field, and, we are also informed, by Ilolyokt^. 

The Springfield apparatus is a compact little nnudiiin^ to Indrawn 
by one horse, and is illustrated by tig. 11. Tt was built at a local 
macliine shop, and consists of a boiler, pump, and barrels mounted 
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ujKm an open low-liung wagon frame. A small 7-h()rse[>o\W boihu* 
connected with a Deane puinx> of liorsepowiu* takes up the r©ar part 
of the w^agori, and in front are tlui ]>arrels for holding fluids, one for 
water and tlie other for solution, the lattei* holding lt»() galhm©. Th(‘ 
apparatus is fitted with 2(M) feet of three-fourl hs-incli huso, with Nixon 
spraying nozzles. The machine is economical and compact. 

With the consideration of the Now^ liaven city api)a!‘atusi a new 
principle comes in. A large 4-wiieel st;eain road imgiins es^etdally 
constructed, however, for this i>urpose, is coupled to an o^inary 
street-watering tank, in whicdi tlie spraying mixture is kept solu- 
tion, It makes a heavy load for two horses, but six lines of li^s© are 
operated at once, and a very strong stream may be thrown froi%©ach. 
The details of this apparatus may be gained from figs. 10 aiid 12, 
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This machine has been very successful in treating large elm trees in 
the city of New Haven. In this city the spraying problem is a seri- 
ous one. No less than 14,000 elms, many of them 75 to 100 yeffrs 
old, have to be sprayed in a minimum of time. 

A steam si)raying machine has been used successfully during the 
past season in the large and beautiful Prospect Park, in Brooklyn, 
N. Y. This machine was conceived by Mr. J. A. Pettigrew, superin- 
tendent of parks, and was an outgrowth of the inadequacy of hand 
pumps. It is simply a steam i)ump on wheels, a street-sprinkling 
tank, and a one-horse supply wagon. Both pump and carriage are 
simply adapted, being a duplex pump of a cai)acity of 50 gallons per 



Fi<i. ll.—SLoaiu hpruyitig machine cunstructod by the city authorities of Spniiy:lioia, Mas^t 


minute mounted on a i>ortable engine truck, the engine being re- 
mo v(‘d. Both are stock goods and obtainable at any i>ump-manufa(*- 
turing concern. The park workmen fitted uj) the attachment for hose 
connections. The pump truck is attached to the sprinkling wagon, 
which holds the poison, the capacity of the tank being 600 gallons. 
The tank itself is an old one, condemned by the street department of 
the city. The tank and attached truck and pump are easily handled 
by a pair of horses. Tlie pump carries four lines of three-fourths- 
inch hose, one connected with the tank, to agitate tlio mixture, and 
three for spraying. The suction pipe is 3 inch^^s in diameter. A sup- 
ply wagon with all that is necessary to carry on the work of spraying, 
such as tubs and barrels for mixing the poison, is drawn by a single 
12 a06 6 
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horse. Comparing the work of this machine with the old hand pumps, 
Mr. Pettigrew says that while there is probably loss in material it is 
imB^e than compensated for by the speed in spraying. Speaking of 
this apparatus, the deputy park commissioner, Mr. Henry L. Palmer, 
said to a reporter of the New York Tribune: 

This is the only sensible way of dealing with this important matter. We have 
so many trees that it is necessary to deal with them in a wholesale way. The 
work can not half be done with hand pumps in the old manner. Wo have many 
trees that could not be reached in that way at all. With the steam apparatus, 
however, we are able to send a good stream to the tops of the tallest trees in the 
park, and to do the work effectually. 

Rather in the same lino, but sim^difying matters still more, is the 



Fig. iri.—'Ncar view of couplings and details of steam spraying apparatus constructed by the 
city authorities of Xew Havun, C'unn 


plan ad(;pted by Lieut. William Weigel, U. S. A., in charge of the 
grounds of the United States Military Academy, West Point, N. Y. 
(ftg. 13). There the clm-lcaf beetle has annually for many year.s 
past x>artially defoliated the elm trees, and in the writer’s article on 
‘^The shade-tree insect i>roblem in the eastern United States,” quoted 
above, mention is made of the work of Gen. John A. Wilson, U. S. A., 
some years ago, at the time when he was Suxierintendent of the Jlili- 
taiy Academy. He used the steam lire engine of the post, knocking 
the insects from the trees by means of a strong stream of water. 
Lieutenant Weigel has used the poisoned spray, but has utilized a 
steam lire engine in jusf the manner suggested by the writer on page 
383 of the Yearlxiok for 1895, although the idea ocourrod to him inde- 
pendently and without suggestion. Ho coupled au unused steam fire 
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engine to an old tank formerly used for disinfecting soldiers’ clothes. 
The tank was mounted on a wagon frame. Two 200<foot lengths of 
three-fourths-inch hose wore attached to the engine, and by this mcafls 
all trees in a radius of 500 feet were readied, lie used the straight 
nozzle instead of a sprayer, finding that the latter scattered the stream 
too much and did not allow the mixture to be carried far enough. 
Each tree was sprayed very carefully by men on ladders, and he found 
that about 40 gallons of mixture thoroughly sprayed a single tree. 
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have so far described has been the fact that the engines are too large 
and noisy. As has been found to be the case in New Haven^ it is 
nftcessary to temporarily close the street upon which they are at work 
in order that passing horses may not be frightened. The noise diffi- 
culty has been overcome by a very beautiful and compact little appa- 
ratus which has been especially constructed for the department of 
public parks of the city of Now York, under the supervision of Dr. 
E. B. Southwick, the entomologist of the department. (This appa- 
ratus is shown by PI. I.) Dr. Southwick had previously conducted 
extensive spraying operations by means of a hand-power pump. The 
old hand apparatus which he used prior to the present season affords 
a vivid contrast to the present machine. The motor and pump of the 
new machine weigh about 300 pounds. The fuel (gasoline) for a 
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day’s work is carried in a gallon can. With a small alcohol torch the 
lamp is lighted, which heats the x)latinum cap red hot. This cap is 
hollow, and the gasoline vapor explodes when it comes in contact with 
it, and in this w^ay drives the piston. The motor is knowm as the 
Daimler,” and is one which is extensively used in naphtha launches. 
Two sections of one-fourth-inch hose with three nozzles on each have 
been used this summer, but four sections with twelve nozzles may be 
used if necessary, as the pump supplies 60 pounds i)i*es8ure. The 
pump used by Dr. Southwick is a 3-piston Gould pump, the small- 
est size made of the {Pattern, and at a jjressure of 60 pounds. lie 
informs the writer that if he were to buy another pump he would get 
a size larger, so as to use more of the power of the motor. As it is, 
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Plate I 



F»q. 2.~-View (from opposite side) of Steam Spraying Apparatus used by the 
Department of Public Parks of New York City, in Operation. 
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his motor does not work more than half of its power. The tank shown 
in the machine illustrated holds 100 gallons. It might easily be con- 
structed to hold more, and would be so constructed except for^the 
fact that in Central Park the machine has to run over the lawns, and 
hence it is desirable to have it as light as possible. Besides supplj^- 
ing the nozzles, however, Dr. Southwick is in the habit of cooling the 
motor with the suridus liquid. This motor has been used the entire 
summer without trouble, and Dr. Southwick states that for his work 



Fig 15. —Opposite side of steam spmying apparatus cowstniotod by the Shade and Fruit Tree 
Protective Association of New York. 


in the large jiarks and running about the city he knows of no machine 
that compares with it. The motor costs $250, and the pump about 
$50. The total cost of running the machine a day amounts to but a 
few cents. It is comparatively safe, and a tyro can run it. It is 
almost noiseless, and is used with the utmost safety on the Central 
Park drives, whei'e the slight noise made by the motor is not noticed 
by the horses. Readers of this article acquainted with the Mall in 
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Central Park will appreciate the havoc which might be created by a 
noisy steam engine. 

TTe have elsewhere referred to the growing idea of community 
ing, or to the building of a steam spraying apparatus by an individ- 
ual who operates it at a fixed rate per day in orchard work. A similar 
development of shade and ornamental tree spraying is also gradually 
being brought about. In a paper read before the Association of 
Economic Entomologists, at Springfield, Mass., in the summer of 1895 
(see Bulletin 2, new series, Division of Entomology, pp. 40-47), the 
writer referred to the work of W. S. Bullard, of Bridgeport, Conn., 
in this direction, and anticii)ated an increase in .spraying as a business. 
The same point was brought out in the Yearbook for 1895 (pp. 
383-384). The defect in this plan , as there pointed out, arises from the 
fact that not all property owners or residents can afford to employ a 
tree sprayer, while others are unwilling, since they deem it the busi- 
ness of the authorities or do not appreciate the value of tree shade. 
This defect, however, is anticipated only from the standpoint of 
complete protection, and there are undoubtedly many wealthy resi- 
dents in our larger cities who will gladly pay an individual or a com- 
pany to spray the trees upon their own grounds, or, in case of lack of 
enterprise on the part of city authorities, the street shade trees in 
front of their houses. Taking advantage of this condition of affairs, 
there was established in Now York City during the winter of 1895-96, 
a company entitled “The Shade and Fruit Tree Protective Associa- 
tion,” which has had several excellent steam spraying machines con- 
structed, and has done during the summer of 1896 a very considerable 
amount of tree spraying. The first work carried on by this company 
was done under contract with the Yale University authorities by 
spraying the very large and beautiful elms upon the Yale College 
campus. The writer witnessed the initial experiments in early July, 
studied the machine, and secured i)hotographs from which the illus- 
trations of figs. 14 and 15 were reproduced. The machine used by this 
company is a most excellent one. The tank, which has a capacity of 
300 gallons, is mounted ui>on a strong platform 10 by 4 feet in dimen- 
sions, the wagon trucks being especially constructed for it and fitted 
with broad-tired wheels. The engine has a capacity of 4-horso-power, 
and there are four streams with a discharge pressure of 60 pounds 
each. The hose is threo-fourths-inch in 200-foot lengths, and the 
nozzle rods are iron and each 10 feet long. The McGowan nozzle is 
used. A supply cart, run by a single horse, is in more or less con- 
stant use, and a complete outfit of telescope ladders accompanies the 
machine. The tallest trees on the Yale campus were expeditiously 
sprayed. The engine used was built by the Shipman Company, and 
is of the type doscribed‘elsewhere. 

It seemed to the writer that there was with this machine, as w4th aU 
cihers whidi he has had opportunity of seeing, an unnecessary waste 



Steam Spraying Apparatus used in Prospect Park. Brooklyn, 
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of material and a disagreeable amount of dripping from trees after 
spraying. This is in every case due to the fact that the insecticide is 
not thrown as a finely divided spray, but is thrown in a coarse spi^y 
or a more or less solid stream, which divides upon striking the branches 
and foliage. Inasmuch as in all this large-treo work the operatives 
have to climb the trees, the use of a nozzle which will throw as finely 
divided a spray as i)ossible seems to the writer to be desirable. A 
more thorough wetting of the leaves, particularly of the leaves of the 
elm tree, will be accomplished in this way. As is well known, if a 
large drop of water is thrown ux)on the under surface of an elm leaf 
the close pubescence of the surface will cause it to run off. A spray 
from a cyclone nozzle, however, is so fine that a complete wetting of 
the surface is brought about by its use, and there is almost no result- 
ant dripping and couseipient loss of material. The use of a small hose 
also seems desirable. This Avill be perfect!}^ Xiracticablo if a fine-si^ray 
nozzle is used. The gain in facility of oi)cration with o. half -inch hose 
oi* even one of three-eighths inch will be very great. To carry a three- 
foiu ths-inch hose up into a tall tree inquires an exertion of much 
muscular strength. The substitution of bam])oo supxmrting poles for 
the iron rods used with the last-nam<^d apparatus will also be desirable 
on the same grounds. 

A i}oint wdiieh has l^een brought out in this large-sealo spraying is 
the fear of the poison on the part of those who maybe emidoyed. 
The writer has made many inquiries regarding i>ossible injurious 
results, but has as yet heard of onty one case which seemed to indi- 
cate that the contact of the spray with the skin may bo injurious. In 
this ease a more or less severe eruption of the hands and neck followed 
almost immediately upon a rather thorough wetting with an ordinary 
solution of arsenate of lead (3 imunds to 100 gallons). Another man 
was just as thorouglily Avet at th(' same lime without any injurious 
results, and it seemed to the writer that tlio eruption in the first ease, 
which was of a severely itching (*,haracter and which recurred with 
every hot sx>ell of weather for more than a year, must have been due 
to some other cause. It will be noticed in the x>icture of the Prospect 
Park apparatus (Pi. II) that tlio men arc clothed in uniform caps 
and suits and wear rubber gloves. Mr. Pettigrew, wiio has charge of 
the oi)erations, thinks the gloves entirely unnecessary, but the men 
insist upon using them. 

CONOLl^SlONS. 

To sum up, and in conclusion : Aside from the first cost, of the appa- 
ratus, spraying by steam power is economical on a largo scale. Some 
extensive orchardists may find it worth while to construct such an 
apparatus, since the difficulties experienced by Mc.ssrs. Wolfskill and 
Goodwin are overcome in the more recently constructed machines. 

In fruit-growing communities in which many hand spi’ayers arc not 
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already in use, the construction of a steam apparatus will probably 
become a paying investment for an enterprising individual. The 
plkn of charging a per di(^m rate for the use of the machine, the own- 
ers of the orchards to furnish spray materials and labor, aside from 
the running of the engine, seems to us the best plan to adopt, the 
plan of guarantying protection against insect pests having obvious 
disadvantages. 

In any city or town having abundant shade trees it will unques- 
tionably, in the writer’s estimation, pay the city authorities to place 
at the disposal of the street commissioner or superintendent of parks 
sufficient funds for the construction of such an apparatus, for instance, 
as that used by the department of public parks in New York Oity. 
An expenditure in this direction will bo more economical, it would 
seem, in the long i*un, than the adoption of what may be termed the 
“makeshifts” used in New llav’en, the Brooklyn parks, and at West 
Point. The extreme economy in the operation of such an apparatus 
has already been shown, and the point of its noiseless oimration is a 
very important one. 

It will be gathered from what has been said in this article that tliero 
is a growing appreciation of the value of shade trees and a growing 
interest in their preservation. Prom both aesthetic and utilitarian 
points of view they are valuable city property, and the increasing 
public interest will undoubtedly result in the ultimate ado2)tiou of 
the recommendations which the writer made in the Yearbook for 
1895. 



INFLUENCE OF ENVIRONMENT IN THE ORIGINATIOl 
OF PLANT VARIETIES. 


By Herbebt J. Webber, 

Assutant, Division of Vegetable Physiology and Pathology^ XJ, S, Department of 

Agriculture, 

GENERAL REMARKS. 

In traveling from country to country or from section to section 
even a casual observer will notice tlie different characteristic fea- 
tures presented by x)lants. The desert traveler notes the prevalence 
of succulent, fleshy plants, and dwarfed, spiny shrubs; the alpine 
traveler observes the dwarfed habit, the showy flowers, and the 
prevalence of woolly, or hairy plants. Desert, prairie, mountain, and 
alpine regions, forests, lakes, and marshes, all have their general 
characteristics, and when these salient features of plants in similar 
regions are found to bo the same the world over, one can not but 
infer that it is probable that similar physical conditions produce 
similar results. Indeed, it is a well-recognized fact that difleront 
soils, climates, altitude's, and locations have un effect on the plant 
ami lead to certain characteristic* variations. Darwin rei)oatcdly say* 
that variations of all kinds and degrees are directly or indirectly 
caused by the conditions of life to Mdiich each being, and more 
esi)o(*.uilly its ancestors, have been exposed.’’ 

Plants growing in the same region, but of widely different affiui- 
ti(^s, are froquenlly found to i)resent similar characteristics of general 
growth, and this similarity may be carried down to the most minute 
details of structure. A large portion of such structures are of direct 
value to the plant in resisting the deteriorating effects of bad climate 
and in better ^idapting it io the conditions of life which it must 
endure. 

While plants in the ordinary sense of the term are motionless, we 
know that tlioy are rapidly spread from region to region, frequently 
to long distances, by the seeds being carried through the agency of 
wind, wat<^r, or animals. When a seed is lodged and germinates in 
a region widely separated from that in which the parent developed, 
whether it Avill manage to thrive 'will depend upon the physical con- 
ditions of the place in which it is lodged, and»the inherent variability, 
so to speak, of the plant. If the seed of a plant which normally 
grows on a moist, rich soil should be lodged in a sandy desert,, it may 
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grow and reach maturity if it is capable of varying its normal struc- 
ture suflSciently to meet the necessities of desert life. Certain pro- 
teettve adaptations are necessary in desert i)lants, and introduced 
l>lants must produce these features to a greater or less extent if they 
are to fit themselves for withstanding the S(»A'ere heat and drought of 
desert climates. It has boon found by repeated observations, and 
has been pi*oved beyond doubt by many exj)erijnonts, that plants pos- 
sess in a marked degree the faculty of varying to adapt themselves 
to such adverse conditions. 

Cultivated idants are subjected largely to the same condition, and 
will vary in a similar manner. The cultivator, however, attempts to 
ameliorate the harsh features of the natural envij‘onment, for if the 
soil is sterile it is manured, and if the rainfall is scanty the deficiency 
is supplied by irrigation, or the soil is cultivated to conserve the avail- 
able sui>ply of moisture. Many climatic and soil conditions, liowever, 
can not bo overcome by the cullivator, and therefoi-e the varieties he 
selects must either be adapted to his region or else bo cai)able of suffi- 
ciently varying to adapt themselves to the new conditions, otherwise 
the planting will not bo successful. 

The general variability of plants to meet the requirements of (liir(U‘- 
ent regions is well recognized, but the fact that the individuals of the 
same species or variety, growing side by side in the same locality, 
differ from each other is not so generally understood, although this is 
as true as that dilTorent varieties and different speeches are unlike in 
their general charact ers. If a ]*i>w of nurserj’^ trees of t lie same varict y 
of apple or orange is carefully examined, one tree will be found to 
branch low, requiring pruning to shape it correctly j another will run 
up tall and unbranched, and will require lopping; one will branch 
here and another there, and one will have small leaves and anotlier 
large ones. While in general the individuals ai'O alike, yet a compar- 
ison of any two trees will show many i)oints of differenco. Every indi- 
vidual plant has a distinct facial oxi)ression, so to speak, by whicli it 
may be recognized, just as certain characteristic difforences in the 
individuals of a herd enable tlio stock raiser to distinguish one from 
another. The differences arc not always describablo, but nevortheless 
they exist. It is this faculty of the individual to vary that enables 
plants to fit into the numerous cliinkB in wliicli they are compelled 
to grow. 

It is not the intention to discuss hero the causes and reasons for all 
variations which occur in plants. There are many variations appar- 
ently without any direct incuting cause, or, as Professor Bailey ex- 
presses it, ‘^some variation is simply fortuitous — an inevitable result 
of the inherent plasticity of organisms.” Plants are not, as is some- 
times supx>osed, of fixed Jkabit, that is, unvarying, from generation to 
generation, but are essentially plastic and variable. Fixed types 
have not now the significance they had a few years ago. Fortuitous 
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variation would appear to be more common in plants wliicli have been 
long under cultivation than in those still in a state of nature. These 
variations may be largely the indirect results of changed conditioift, 
but in cultivated plants conditions have been so frequently changed 
that it is impossible to refer the variations to any immediate cause. 
Many are probably the outcome of the cumulative results of numer- 
ous changes of external conditions, but this wo can only infer to be 
the case. 

Sex is also an important factor in i)roducing variation, and must be 
considered in order to reach an understanding of the great variability 
which exists among plants. The crossing and commingling of the 
characters of unlike individuals result in endless combinations. The 
importance of intelligent crossing in improving the varieties of culti- 
vated plants can not bo overestimated, but the variations produced 
ill this way do not concern us here. We are at present interested 
simiily in those modifications which are produced by change of envi- 
ronment, and a consideration of how desirable changes of this nature 
can be induced by the iutelligont cultivator. 

VARIATIONS KESULTINO FROM CHANGED CONDITIONS. 

Tlio principal factors of environment which arc potent in inducing 
marked variations in iilants are food supply, water, light, tempera- 
ture, altitude, growth in maritime or saline regions, and change of 
climate. Several of these factors fro<iiiently act together in bringing 
about certain variations. 

FOOD SUPPLY. 

Tliis is probably the most important factor iu causing variability, 
both in wild and cultivated plants. Darwin says, ‘‘ Of all the causes 
which induce variability, excess of food, whether or not changed in 
nature, is probably the most powerful.” Thomas Andrew Knight, 
however, was xirobably the first to clearly cniinciaio this law, Avhich 
is now generally understood. The great sensitiveness of iilants to 
food supply has led to many of our common agricultural practices. 
It is for this reason that wo isolate our plants, and cultivate, plow, 
and manure the soil. When seed raisers dcvsiro to keep a true stock 
of any one kind of seed, they grow it on poor land without manure. 

The first and most common variation resulting from excessive food 
supi)ly is a general increase in size, which at first is relatively the 
same in all parts of the plant, the leaves, stems, roots, and fruits 
increasing in practically the same ratio. Besides this increase in 
size, which is of great value from a commercial standpoint, a gieater 
tendency to vary is also induced. If the excessive nutrition is con- 
tinued during several generations, diffoi*ent parts of the plant will 
sooner or later be found to vary in other dii'ections. The seeds, 
fruits, or flowers for which the plant is cultivated will, in certain 
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individualB, increase in size slightly more than the relative proportion 
as compared with the other members of the plant, and it is by care- 
ftHly watching for these slight variations and propagating from them 
and again selecting from their progeny that many of the valuable 
varieties of our cultivated plants have been developed. Experience 
teaches that when once variathm of this nature has set in, other vari- 
ations in shape, texture, color, flavor, etc., wliich it is desirable should 
appear in cultivated varieties, may reasonably bo expected. 

Lack of food results in a reduced size of all organs, and may greatly 
modify the plant. Plants gi’owing for any length of time in soils de- 
flcient in food are greatly reduced in general vitality and the weak- 
ened constitution is aj^parently transmitted to the oifspring. Weak 
and i)oorly fed individuals produce small seed, with little stored nour- 
ishment, and these in turn necessarily produce seedlings which are 
small, stunted, and poorly fitted for the battle of life. Roujoii, by 
selecting and planting only the smallest seeds from tlie least-developed 
specimens of sunflower, corn, and other plants, obtained in two years 
very small plants. The corn was reducod in size to about 8 inches 
high. As the height diminished the number of seeds decueased, and 
the final result was absolute sterility. 

Mj*. Ilenslow found that siM^dlings of large seeds, owing to their 
greater vigor, crowd out the seedlings of small seeds. A continual 
selection of the small seeds for several generations, 1 k^ says, will cause 
the jilants to die out altog<ither b}'^ failing to produce vScihI, or else a 
tiny race of beings will for a time be maintained. These vegetable 
runts, the result of insutfleient nutrition and insufficient light, are 
of common occurrence in nature. Mr. B. T. Galloway, b}’' growing 
selected lots of large and small radish seed, found that “the la?-go 
seeds germinated more quickly and with moi*e certainty, and prodaee<l 
marketable plants sooner and more uniformly than the small seeds.” 
The latter, however, “gave x>roportionally larger plants.” In this 
case, which at first thought seems confusing, we see, as Mr. Galloway 
suggests, the efi’ect of long-continued, natural, methodical sele(diou. 
The radish is cultivated for the root, and selection has thus been con- 
tinually directed to increase the size of this part without attention to 
the seed. If more nutrition is utilized in root development with plants 
of equal vigor, less would i)robably remain for seed development, 
resulting naturally in small seed. Thus, long-continued selection, 
aiming only to increase the size of the root, which is done with some 
detriment to the seed, might be expected to ultimately lead to an 
inherited tendency of the small seeds to develop large plants, and 
vice versa. 

Cuttings, offsets, and any part of the plant used in propagation are 
subject to the same modifications as plants produced from the seed, 
and are individually affected by external conditions. If they are 
weakened and stunted from lack of nutrition, their chance of success 
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Is greatly reduced, as they are then more liable to be seriously affected 
by adverse conditions and to become a prey to various diseases. If 
too greatly reduced in size and vigor, no amount of care and attentfon 
can lead to success. Abundant inherent vitality is the basis of suc- 
cess in the cutting or offset just as it is in the seed. In the Year- 
book for 1895 (p. 254) Mr. Galloway emphasizes the difference which 
external conditions produce in violet cuttings and the necessity of 
selecting vigorous cuttings. If grown too near salt water or on too 
dry soil, the pineapple slip may be so stunted that the best care and 
attention will fail to revive it, although it may continue to grow slowly 
and ultimately form a small fruit. Strawberry growers find it desir- 
able to exercise considerable care in selecting vigorous plants in order 
to keep up the vitality of their stock. If the new jjlants are taken 
from beds which have been weakened by attacks of leaf blight or leaf 
spot disease {Splicerclla fragarice)^ they almost invariably suffer 
severely from attacks of the same disease and are further reduced in 
strength. 

Tlie advantage arising from cultivators in different sections ex- 
clianging seeds, bulbs, and cuttings, which has for years been a 
common i)ractice in many countries, is evidently due to the slight 
beiiefils derived by the plants from change of soil. Darwin informs 
us that the belief that plants are thus benefited * has been 

iirmly maintained from the time of Columella, who wrote shortly after 
the Christian era, to the present day.” 

Bailey considers that ‘‘ much of the rapid improvement in fruits and 
vegetables in recent years is due to the practice of buying plants and 
secMls so largely of dealers, by unaiiis of wliich the stock is changed.” 
llovever, if the food elementvS were present in every soil in tlie same 
quHiililics, it is not probable that, any lametit would result from this 
pract ice. There is some evidence to show that where artificial manur- 
ing is practiced there is apparently no necessity for a change of seed, 
as no noticeable benefit is derived therefrom. Tliis practice in itself, 
however, is a yearly change in the nutrition, as the amount, kind, and 
quantity of the manure used commonly differ each year. Plants in 
nature secure, to some extent, the benefit derived fj*om a change of 
seed by the various devices for accomplishing their dissemination. 
Indeed, it may be that these numerous devices have been developed 
partially through the benefits derived by a ehange of soil in keeping 
up the vitality of the species, instead of being, as is commonly sup- 
posed, an attempt on the part of the plant to simply disseminate the 
seeds that they may have room to develoi>. 

It is probable that the physical character of the soil affects plants 
and induces certain variations entirely apart from the effects due 
to the food or water content. Carri^re foAiid that by cultivating 
the wild radish, or jointed charlock {Baphanm raphanistrum)^ which 
has a slightly fleshy root, in rich soil he could produce the common 
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cultivated radish. He farther found that the form of the root pro- 
duced depends upon the character of the soil, the round form resulting 
frohi growing in heavy, close soil, and the long-rooted form from 
growing in loose, light soil. Pliny is said to have recorded the same 
oifect as known and utilized in Greece in Ms time. These forms, as a 
result of continuous selection, are now hereditary by seed. 

The difference in fertility of soils leads to much variation in wild 
plants, and is unquestionably a common cause of differentiation into 
varieties and species in nature. The juniper, or red cedar {Juniperus 
virginiana), which is a common forest tree throughout most portions 
of the Uruted States, has so adapted itself to varying conditions that, 
as Professor Sargent says, it seems equally “at home on the dry, 
gravellyMllsof New Brunswick and New England; * * * in the 
fertile valleys of Pennsylvania; on the limestone hills of eastern Ken- 
tucky and Tennessee, where it forms, with stunted and shrubby 
growth, great forests or ‘cedar brakes;’ in the swamps of the Florida 
peninsula, and on the rich bottom lands of the Red River.” If the 
soil is rich and moist, and the trees are not crowded by others com- 
peting for the light, the juniper forms a beautiful pjTamidal top, of 
symmetrical outline (fig. IG). This is the common form in the fertile 
valleys of New York, Pennsjdvania, Marjdand, and Virginia. On 
dry, rocky hills and on barren, sandy soils, where there is a defici- 
ency of water and nutrition, the juniimr may grow in equal abund- 
ance and seems to bo as thoroughly in harmoii)' with the conditions, 
but in such places it forms a low, spreading, shrubby tree, of entirely 
different habit (fig. 17). 

WATEE. 

The effect of the quantity of water in the soil or of growing in a 
water medium is very marked on most i)lauts, but lia.s not been of 
groat importance in inducing variations in cultivated plant.s. Serious 
lack of water (a condition which is found in deserts and sandy regions) 
has given rise to various devices by plants to i^revcnt loss of water by 
evaporation from the leaves, water storage reservoirs in the tissue, 
specialized glands to absorb dew, etc. Desert trees and shrubs are 
commonly stunted, gnarly-stemmed plants, with largo root systems. 
The fact that these characters almost invariably disappear (frequently 
in the first generation) when the plants are grown where there is an 
abundance of water and food, shows that they wore assumed because 
of a lack of these materials. 

The bald cypress {TaxocUum disticlium) furnishes an interesting 
illustration of the effect of excess of water. The cypress, as is well 
known, grows usually at the present time in swamps and very wet 
places. Geological records, however, show that centuries ago, pre- 
vious to the Glacial epoch, the cypress tree grew in the pre.sent 
Arctic region, associated with oaks, maples, etc. As it was forced 
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southward by the gradual change in climate, competition with other 
trees evidently resulted in its present habit of growing only in 
swamps. Plants growing on dry land secure the neeessaiy oxygtSa 
needed in root growth from the air, which is always i)resent in the 
soil* Plants growing in the water or on very wet soil, however, 
frequently lind it difficult to secure sufficient oxygen, and this has 
led to the development of devices to facilitate the aeration of the 
tissue. Cypress trees growing in W'ater form numerous protuber- 
ances on the roots known as ‘‘c5T)ress knees, which extend above 
the water into the air (fig. 18). By gi’owing numerous seedlings 
of the cypress under varying conditions, Dr. Wilson has shown that 
these roots are invariably formed by plants growing in water, and are 
never formed when the i)lants are grown on fairly dry soil which con- 
tains sufficient air. lie concludes, therefore, that thc\so i>eculiar organs 
enable the roots of the tree to secure the necessary oxygen, and are 
dcveloi3od as a direct result of the habit assumed by the cypress of 
growing in swamps. It is an interesting fact tliat this liabit of forming 
kn(‘(^s, which was acquired centuries ago, lias not become hereditary, 
lieing totally lost the fii’st generation If the tree is grown on dry soil. 
In swamps and on lake margins, which i>la(M\s are now its natural home, 
the bald cypress forms a ragged, spreading growth, with large limbs 
and sparse foliage, and is very diirereut from tlie common type of 
closely related pine trees. Tliis also is the result of a lack of ox^^gen 
and food, as before stated (fig. 18). When the tree is growm on dry 
soil, as it frequently is in parks, where it soenres abundant air and 
nutrition, it reverts to the normal type, forming a tall, symmetrical, 
columnar top (fig. 19). In this case no knees are developed. The 
dilTerence in the form of the toj) developed in the swamp and that 
developed on uplands or in parks is evidonlly due to the difference 
in food supply, as in the case of the juniper. 

Many plants grown in watei* or on wet soils have developed devices 
similar to cypress knees in order to secure aeration. The black man- 
grove {Avicennia nitida) and swamp nmugrove {Laguncularia race- 
mosn)^ which grow abundantly in tidal marslies in south Florid;i, 
develop numerous si>ecializcd roots, which, instead of growing down- 
ward in tlie normal way, grow upward 1o such a height that they are 
exposed to the air a largo part of the time, bi‘jng covered willi vraler 
only at high tide (fig. 20). The height of these roots above the soil 
varies from 2 to 18 inches, according to the location, ami they are 
frequently very numerous where the trees are crowded togctlier in 
salt marshes. In a marsh on Biscayne Key, Florida, where tlie swamp 
mangrove forms almost the only vegetation, the writer counted 
eighty-tlireo of these roots in a square foot. Their average height 
in this case was about 6 inches. In some pbwes these trees may be 
observed growing on fairly high and dry soil, in Mhioh case the 
aerating roots do not develop. 
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The effect of abundant water and nutrition on the development of 
spines in certain plants is interesting and suggestive. Spininess, as 
already mentioned, is a common characteristic of plants which nat- 
urally grow in dry, barren regions. Lotheler found that by growing 
barberry {Barberis vulgaris) in a moist atmosphere it bore no spines- 
cent leaves, while in an arid atmosphere it bore only spines. Similar 
results have been obtained by a number of experimenters. Many 
plants which are normally thorny, such as roses, plums, oranges, etc., 
are known to frequently lose their spines as a result of cultivation 
and selection. 

LIGHT. 

The effect of the light supply in determining the form of plants is 
well recognized. If a grass seed germinates under a tub, the little 
plant does not si)read out at random in its growth. If the edge 
of the tub is raised to admit a ray of light, instead of growing up- 
right, as it naturally would, the shoot bends toward the ray of light 
and grows by the shortest path to the oi)ening. After passing into 
the full light it develops its normal form. The form and direction 
of growth of every branch is determined largely by the ac.cessibility 
of light. The form and structure of ev’^ery leaf also arc just as largely 
dependent upon the light suiq)ly. Innumerable diftVroncos in the 
shapes of individuals of the same species are caused by the struggle 
to obtain light. Branches develop in i)Ositions where their leaves 
can be unfolded to the light with the least obstruction. The natural 
round and full symmetry of the tree grown in an open place is due 
to the unobstructed action of the light on branch development. Trees 
have developed their habit of lofty growth by a continuous struggle 
to secure light. The same inciting cause has led to the development 
of the habit of twining in certain plants. Other i)lant8 have so mod- 
ified their structure that they are able to secure sufficient light in the 
shade of the forest. Sleej) movements of plants are other well-known 
reactions of light. In cultivation, the necessity of light is well rec- 
ognized, and our plans for planting fields and gardens are made with 
reference to the plants used in order to secure the necessary light 
and nutrition for the liest development of each individual. 

TEMPERATURE. 

Heat increases transpiration, or the loss of water, by evaporation 
from the leaves, and the modifications induced by this factor of envi- 
ronment are largely to avoid excessive evaporation, as in the case 
of desert plants, mentioned elsewhere. Tropical plants frequently 
develop their leaves naturally in a nearly vertical position, so that 
one edge or the point df the leaf is turned toward the sun. Thus, at 
noon, when the heat is greatest, the leaf receives the glancing rays 
of the sun and distributes them over its entire surface instead of their 
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a small part, as would be the case were the surface of 
the le#.llli a horizontal position. 

IJmlmitoo intense, heat hastens growth, while cold cither retard^ 
or entirriy checks it. When grown in trop- 
ical reigns, many of the common vegetables 
of temperate regions either fail to develoj) or 
else beonine unfruitful because of the excessive 
heat. ‘*;To make Eurox)eaii vegetables under 
the hot ^imate of India yield seed,” says Tngle- 
dew, “ifeis necessary to check 1 heir growth, 
and wheip one-tliird grown they arc taken up 
and their steins and taproot are cut or muti- 
lated.” 

^^ery ^gievero cold also causes stunted indi- 
viduals, This effect is seen in alpine plants, 
one of the principal characters of which is a 
dwarffni; in general size, or ‘‘nanism.” Th(‘ 
great aridity and intense light, which are also 
characteristic features of alpine regions, have 
led to n|tt)difi(uitions in the general structure of 
alpine plants similar to the modifications fouiul i,j jumper, or red 
in plants growing in d<‘sert regions. <e<iar, pytamidai form 

For sev’cral years Dr. ihiston Bonnier has ^ 

grown many planfs both on plains and in 

alpine regions, and has proved that in all cases plants gr()wiug on 
the pla^is if transporli^d to an alpine region acquire a number of 
; delinite characteristic 

mod ifi(*at ions w li i ch 
alpine 
Th(M*oots become 
mucli larger relatively 
^ ill comparison with the 

% the stem becomes 

I shorter and more hairy, 

; with fewer and shorter 

^ ^ interiiodes; the leaves 

i W become smaller, more 

compact, and more 
hairy, with thicker epi- 

dermis and of darker 
F,a. W._j„„iper,orr^^oMar, 1 «rr.nHonform(.^^^ tho flowers 

* become ndatively larger 

and brighter color. The common dandelion {Taraxacu ni offici- 
'f^ede)^ lidiich grows sixintanoously in all latitudes up to the last limits 
endute^ by flowering plants, illustrates in an fliteresting manner tho 
12 a06 7 


Pia, lT.~Junii)er,or red cedar, barren soil form (east 
Florida). 
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variations produced by growth in an alpine climate. An t^msuliia- 
tion of fig. 21 will show the reduction in size of a plant, leaP(MiBiore 

J nearly perfoc^t, compgusiitively 

larger size of root, etSB. 

EFFKC^T OF THE SjpjA. 

Plants grown near^he sea, 
whence they get the lilffect of 
the vsalt air and salt ii^ater in 
t he soil, vary nnifornily in cer- 
tain ways. Th(» etlVstet of the 
salt in t]i(‘ soil is to^increase 
tiu' density of the soil water 
and make it more diflicult for 
the plant, to S(‘eure tlise neces- 
sary moisture. The plant. 
rea(*1s )>y develo[)ing devices 
to store II]) A\ater and to 
retard (‘vaporation. T^iesiige 

Fkj l.s.-R*Ud<ypreMs, swamp torm, with arraOng found that plants groWing by 
roots, <»r kiiooH 

t.h(‘S(*a 

develop much thitdvcr leaves — a<levi(*e for water 
storage. Tin' h*av<‘s of sea kaic^ [Cakitr ninri- 
//a/o) grown by the sea wen^ four or five liim^s 
as thick as those of jilants grown inland, ^i'he 
beet(7>V/a r}(}(fnr}s) ]n\\\ the leaves similarly 
thickened in the proportion of eiglit to three. 

Tlie common gar- 

W produeeil much 

I thicker leaves than 

grape {(^orcoloha 

i a common plant in 

1 south Florida and 

tropical countries, L 
will serve as an 

\ illustrat ion to show the ext ent of variation 

Fio. a».-Aorattetf roots of swamp prothiccd by tlio scji aiul also by eultiva- 
wiangrovo (Laffuncuiariu raev’ tioii. This plant grows vciy aluiiSlBantly 

mc«o)-^ne-haif natural «ize. ^ immediately ImMering 

the coast, where it is cxi>osed to tlie sjilt spray which is cariM by 
the wind from thebriiakors. I’ht* sands of tlie dunes are very dry and 
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stertto somewhat shifting in nature. Under those conditions 
thei»eii*rape forms a stunted shrub from 2 to 3 feet high, and com- 
posed^targely of unbranched stems {fig. 22). The brandling top of 
the tvm in this (^ase, however, is largely developed ixfiow llie san^, 
the groups of upright stems being connected by underground stems. 
Under these conditions the sea grape is remarkably fertile, almost 
every stern forming a cluster of fruit. Its beautiful foliage has l(‘d 
to its being cultivated b) some extent as a lawn jilant, and when 
grown in fairly rich, moist, soil it forms a beautiful, upright, t ree, with 



i Taruxaciim ttffirinale): common form, jrrown in plains rcerion at 
low altitude; h, alpine form lioth a and 6ar© reduced in the same scale » Adopted from 
Bonniel^ ) 


dense foliage (fig. 2d), entirely different from the maritime form. 
Undeir cultivation the sea grape is as yet generally unfruitful, but it 
will |i!i*ol)ably become more prolific if its cultivation is (continued 
until it, becomes more tlioroughly domesticated. 

CHANG K OF CLIMATE. 

Change of climate, which may involve a diango of some or all the 
prino^ial factors of environment discussed above, has led to many 
iiiter^ting variations in our cultivated plants. A remarkablo varia- 
tion American corn when grown in Europe is given by Metzger. 
Seeds of a tall variety, obtained from the warmer parts of America, 
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“during the first year produced plants 12 feet high, which pMftieted 
a few seeds. The lower seeds in the ear kept true to the parOKt fttttn, 
but the upi>er seeds became slightly changed. In the secund^'ljwiera- 
tion the plants were from 7 to 10 feet in height and ripened tlkeii: seed 
Imtter. The depression on the outside of the seed hatl almost disap- 



Fio. 32.— 8(»a grape ( Coccoloba mvfera), maritime Mand-tiinie form ISa. ). 

peared, liowevor, and its wliite color had duskier. 

Some of the seeds had even l)e(*ome yellow, and in their now PDnnded 
form they approached eommon European maize. In the third genera- 
tion nearly all I’esemhlanee to the original and very distinct American 

panuit form was lost. 
In the sixth genera- 
tion the maize per- 
fectly resembled a 
European variety.” 

Sterility is fre- 
(]uently the result of 
(*hang(Kl conditions. 
Ali)ine jdants, though 
naturally very fruit- 
ful, usually become 
sterih^ when culti- 
vated in gai'df^n3,asdo 
also manv bog plants. 
Excess! ve nianturing 
fre<iuently restiits in 
Fi«. 23.”-S«a grape ( Cor co/o/ia If vf/mi), cultivated. stcriUty by indticiiig 

ex cessi ve vegetative 

growth, but this is a wholly differmit matter, for the plants referred 
to do not flower. Sterility, whicdi so commonl^y results from introduc- 
ing plants into cultivation, is from some effect of domestication Other 
than running to leaves from excessive food, as they may flower abun- 
dantly, but not set fruit. Continued cultivation, however, in most 
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plftato faults finally in an increased fruitfulness over what was pro- 
duoed ijftxa state of nature, and this, as is plainly seen, is the keynote 
to cultivation. Bailey gives an interesting case of a T'araguay Phy- 
salis> or husk tomato, which he grew in New V ork from seeds sent from 
Paragiml^. “I grew it both in the house and out of doors, and for 
two generations was unable to make it set fruit, even though the 
flowers-were hand-pollinated; yet the plants were healthy and grew 
vigorottrty. The third generation grown out of doors set fruit freely.” 
In som^' cases, however, even long-continued (uiltivation has not 
resulteddn the plant regaining its equilibrium suflSciently to become 
perfectly fertile. The lilac and geranium maybe cited as ])lants that 
have been long under cultivation, and while retaining all the essential 
organs of the flowers in apparentlj'^ perfect condition, they seldom 
form se«ds. 

Agailli sterility in some cases is a result of long-continued and 
excessive cultivation. Almost all fruits vvhi<*Ji liave been long under 
cultiva^on and have been largely proj)agated by (*uttings, suckers, 
budding, grafting, (‘tc., prmluce seedh*ss variet ies, as in the ease of the 
orange^ pineapple, ])anana, apph‘, etc. Long-(‘ontinued propagation 
and selection of plants for their fruit seem to result in a tendeni’y to 
fruit product ion entirely independent of seed production, so that we 
now have nuiny varieties of cultivated plants which dev«dop api)ar- 
eiitly iiermal fruits without pollination, and cons(*(iueritly do not 
form seeds. 


HOW TO INDITCK DESIRED VARIATIONS. 

The above eases will show to some extent the forms of variations 
which are liable to (xxmr from changed eonditions as they occur in 
nature or under cultivation. To successfully utilize this faculty 
which plants have of varying their stru(*ture to suit conditions or as a 
result of eonditions, we must endeavor to leani how to induce the 
variations desired and then improve and tlx them by intelligent selec- 
tion. lit is the universal belief among horticulturists that tlie most 
iniportiimt step toward improving wild plants is to tirst “break the 
type,” that is, to induce the species to vary in any direction what- 
ever. When once variation is started, a slight cliangi^ in the desiied 
<lirection may contideiitJy be expected sooner or later if the eondi- 
tions ftvoring such variation are given. While thcoretieall}’ there 
wouldiiemn to be no limit to the variation which might be expe(‘.ted 
in auydirection or of any part desired, yet there is a practical limit. 
It is not desirable to attemt)t to develop a plant with flesh}’, edible 
rootSy Mke the radish or turnip, from a plant having thus fibrous roots. 
For development, plants should be selected whieli in nature have 
Hhowiiifi marked tendency to develop in the d^sinxl ilirection. “ Na- 
^ves the hint. Let men follow it out rather than attempt to 
new types of characters.” Should it be desired to develop a 
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fleshy-rooted plant, there should be selected for the experimefife aj'^ld 
plant having somewhat fleshy roots. If an improved fruit i^deAired, 
tKe selection should be made from the numerous wild fruits ij^eh are 
already edible. 

As before pointed out, plants in nature vary greatly, bupfe under 
uniform conditions an^ very stable. To induce variation, aiuhange 
of conditions is of prime importance. Excess of food, as^ahown, 
is probably the most imtent factor in inducing variability. This is 
secured by isolating the plants, cultivating, manuring, etc. IPruning 
is simply carrying the idea a stej) farther, as removing on# branch 
leaves a larger supply of nourishment for thosti remaining, of remov- 
ing a i)ortion of the fruit, oj* flowers leaves a greater food supply for 
the development of the others and results in a larger grow(8i. The 
first variation induced by excessive food supply is usually increased 
size and vigor — an initial variation of value, as it is at first, of prime 
importance to secure larger fruits, seeds, or roots, after whi<‘h iiAtention 
can be given to flavor, size, shape, texture, (^tc. (Irovvth in rit^t, moist 
soil tends to increase the size and jmxhice a t(‘nd(U', suciuilent growth; 
to delay maturity and thus emlanger the jdant. iuNortliern (‘limales by 
its greater sensitiveness t.o cold ; to h^ssen the sa<teharim‘ and pungent 
qualities, etc. If, on the other hand, more dwarfed plants aroilesired, 
they may be induced by s<‘anty food and water supply, or by trans- 
ferring the j)lant8 to aljnne or desert places. Frec[uent t ransplanting 
and sowing seeds late in the season may also be of bemdlt in cheek- 
ing growth and iudiKung a dwarfed habit. Tt is well known tliat 
growing plants in small i)ots and crowding the roots, only oecfiftionally 
repotting to give them mon^ room as the plant- d(welo])s, retards the 
growth and usually results in dwarfed plants. An iner<*as(5 in fruit- 
fulness is often (*aused by removal to a higher latit ude or altitude. 
The SHim^ F*esult may in some cases he secured by decreasing tSie food 
supi)ly and thus ehei'kiiig tlui tendency to ex(*essi ve vegotati ve^rowth. 
More vivid coloration of fruits, flowers, or leaves uiay be induced by 
transferring the plants northward or to higher altitudes; modifications 
in flavor may be pro(lu(*ed ])y change of climate and of food and soil 
conditions, and greater succulency can be obtained by transferring 
to saline I'egions or growing on soil watennl regularly with salt water. 
If seeds of hardy annual i>lauts are sown late in the fall, so tliat they 
can not mature* theJr seeds, a tendency may 1 k‘ prodiuiod to slore up 
the reserve nounshment in the root, whicli by selection may establish 
a biennial habit. VLlmorin converted the carrot, which is ndmally 
an annual plant, int-o a hereditary biennial by sowing the seed4ate in 
the season till the character of flowering the second season tiecame 
fixed. 

In attempting to develop seedless fruits, so commonly the rsitilt of 
long-continued cultivation, the endeavor must be, as stated hy Dr. 
Lewis Sturtevant, who has studied and written extensively Q«b».)lihis 
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, to give the most intensive culture possible. Excessive 
inamurinV varying the ingredients; cultivating thoroughly; in- 
creasiiil^the size of the fruit by pruning; continued ])i*opagation \fy 
cuttilJ^^ budding, grafting, etc.; changing the climatic conditions; 
crossing^ and hybridizing, indeed almost all the practices of intensive 
modem5»#iorticulture, increase the tendency tx) scHHllessness. 

The uroduction of the initial variation is quite uncertain. All 
that mini can do is to (uiltivate the j)lants <;ontinuously under the 
conditions most favorable to the ])nxlu(?tion of the variation desire<l, 
and patiently and carefully walxdi for signs of variation in the de- 
sired diiiMd;ion. In some cases the variation may very (piickly follow 
the changes of conditions, while in others the type is very persistent 
and difflknilt to break. In all cases, however, patieinx^ and persist- 
ence will be sure to ultimately meet with success, for no instance is 
known of a j>lant Ixdng long under cultivation and not furnishing 
several varieties. In fact, plants whudi have Ixen long and (*xten- 
sively onltivated, especially under conditions of sharp competition in 
trade, have almost invariably yielded numerous varieties, as in the 
ease of the {ii)pl(‘, wlu^at., ('tc. 

FORMATION OF VARIETIES BY SELECTION. 

When variation in the direction desired has Ixen secured, it then 
remainis for the (uiltivator to imj)rove it into the desired form by 
careful and methodical selection. As Darwin e\])r(*sses it, in the 
formation of varieties of (uiliivated plants “the ki^y is man's power of 
acciiimilative s(deetion. Nature gives variations; man adds them up 
in certain dire(dions useful to him." Seeds from the individual show- 
ing the desir(*d variation arc* sown under tlie same conditions which 
resulted in ])r(xiueing tin* initial variation. The r(*sulting se<‘dlings 
are in turn very <»arefully inspected and secnls takcui from the oiu* 
which allows tin* greatest increascxl variation in th(Ml(\sinMl direction. 
It is by this methodical sel(*ction generation after generation that the 
final triumph is attained. 

It necessary trO have well in mind tin* ideal variety vsdiieh it is 
dt^ire?jl to pnxlu<*e, so that sedections may be made* with a well-defined 
point In vi(*w. ' All features earn not be improved ill oikm*. It is well 
to attempt only one improvement atai time. If attempts are made to 
simultaneonsly redu<*e the number of seeds and to cdiange the shape' 
of the fruit by selection, failure* in both diree*tioiis or but sliglit- suc- 
cess ittight be the result. The important feature should be* given strict 
attention, and only siifhcient- care de»vo1ed to the see(»nelary fe'atures to 
keep^ihem up to tlie standard. In elevelojiing ai e‘(*rlain teature by 
selection it may falsely appear that, it is thisxargan ailone* tlmt v aries. 
Oairetiil attention to other feaitures will, however, show that the*y ailso 
var|^iand probably fully as much, but as no attempt is maide to fix or 
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increase these variations they ai'e mostly lost. If such iMKBdary 
variations are not detrimental, no attention need be given tii^l^jii. 

' Many of the valuable varieties of cultivated plants have 

appeared in recent years have l)een the results of bud sports> fortui- 
tous variations, crossing, hybridizing, etc., but it is probablo^sHiat the 
great majority of our cultivated plants wei*e developed silftply by 
selection. This is indicated by the fact that the majority^of them 
were brought into cultivation by our early ancesU)i‘8 while Aribill In a 
savage or semi civilized stale, when all methods of agriculture were 
the simplest possible. Many of these were so inodilied by^ culture 
before records were kept that the original types from wlilch they 
were develoi>ed are not known and can not be distinguislICd with 
certainty. It is not at all probable, considering the crude methods 
employed at that period, that any means of development coiMd have 
operated other than simpl^^ the selection of seeds for propagation from 
the best* variations which appeared under this crude (uilture. 

The time it re<[uires to produce valuables varieties by selection 
depends much upon the iiiheritability of the variation which te being 
developed and fixed. The degree of iiiheritability of variations pini- 
duced by environment are very different. The didlnito variations 
which ar(5 produced liy plants as reactions under clianged environ- 
ment, such as dwarfed habit, caused by transferring the plant to 
alpine rt^gious, or succulence, cause<l by transferring to luaritiiiK^ 
regions, ai-c^ usually lost the first generation if the normal eoaditions 
ar(‘ restored. It is certain, however, that as long as the changed envi- 
ronment is (‘ontinued the modifications are regularly jiroduced, and 
usually in a gradually increased degree (progressively modified), fre- 
quently forming well-marked varieties. C^mtinued growth under the 
same conditions evidently in most cases gradually leads to esteblish- 
iug the iiiheritability of the variation. In many instances, h#wrever, 
variations produced by environment, which variations have been 
formed regularly every generation for centuries, have not yet .iDecome 
siilficiently fixed in habit to be inheritable. Such are (^yjirest knees, 
aerating roots of lilack mangrove, etc*,., wliieh are lost the first gener- 
ation if the inciting cause is removed. How great a variatum must 
be or how many generations it must be formed to acquire stabiMty can 
in no (*.ase be stated. The- selection by man from oacli generation of 
those plants which show the most- marked variation in the desired 
direction, and propagating only from seed selected from these; tends 
to greatly jiromote fixing the iiiheritability of the character. 

The selection of wild radish, or jointed charlock, seeds, carried on 
for some time by Oarriere, resulted in the production of several vari- 
eties of radishes similar to those commonly cultivated. In the^same 
ifray seeds of wdld parsnip, selected by Professor Buekman frewti the 
best-rooted plants during several generations, produced a variety in 
whieh the large root and glabrous leaves were hereditary. jJ^oth 
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VilmoriitmRd Oarriere obtained Bimilar results witb the wild carrot by 
seleotiom Monnier’s change of winter wheat to suirnner wheat and 
summer wheat to winker wheat furnishes an interesting illustratioli 
of the #iick changes which are sometimes wrought by change of 
conditie^s and careful selection. Monnier ‘‘sowed winter wlieat in 
spring, Und out of 100 i)lants, 4 alone produced rix)e seeds. These 
were sown and resown, and in three years idants were reared wliich 
ripened'^iill tluiir seed. (Conversely, nearly all the plants raised from 
summer wheat sown in autumn perished from frost., but a few s(^eds 
were saved and x>r(Kliiced s<5ed, ami in three years this summei* A ariety 
was converted into a winter variety.” 

When once the ideal variety lias lieeii attained by selection and is 
found to b<i propagakid ])y the seed, it would seem desirable that 
variatimi should <‘ease, at least in this particular strain of plants; 
but plants in all <*onditions and in all places are markedly plastic and 
variabte. If it is desired to k<H>p the A’ariety true to the type, the 
most rigid ear(‘ is mM‘('ssary in destroying all A'arialions that maj" 
appear. “ Hoguing,” or destroying the nontyjiu'al i)lants, is regularly 
practiced by good seedsmen. Most varieties which have be(ui exten- 
sively 6ultivat(‘d for any huigth of time have A^aried gi’eatly, anted 
often by th(' nii(*onseious s<‘leetion of tlu^ cultivator, until they are 
entirely ditrer(*nl from those first introduced under tlie names Avhieh 
t hey l>ear. In rega r<l t o th<‘ pea, J )arwin states that “ tlu* greater num- 
berof A’^ariet i<*s ha v(‘ a singularly short lif<*. Thus Loudon remarks tliat 
‘sorts wliiel) highly approved in 1821 are now (1833) nowhere 

to bo found,' and on comparing the lists of 1833 with thos<^ of 1855, I 
tiiid ilmt mnirly all the varieties have changed.'’ Bailey estimates 
that “every d<‘<‘ade sees a complete change in every A^ariety of any 
annual spec'/ies which is propagated exe]usiv(*ly from seeds, and every 
century must see a lik<‘ (diange in tlie tree fruits.” The ehange is ii<»t 
necessarily detrimental to the variety; indeed, the opposite is usually 
ti’ue. The almost universal uneonseious selection usually results in 
gradual impn)vement , but along dilferent lines. I'he changes Avrought 
in the vai ud.y are (‘omimmly so gradual that Ave do not realize tliat 
they ai?^^ taking ])la<*e unless the most careful attention is given to 
keeping the variety pure. Seedsmen and gardeners become expert 
in recognizing dei)artures from the type, and this acuteness has a 
t.wofoW objiad. On the one liaml it is desired to keep the variety 
true, and on the other to detect desirable A’ariations. In the exten- 
sive ilelds of the large seed firms all detrimental or unpromising 
variations are destroyed to keep the variety true, and all promising 
variations are retained for selection and improvonieiit. Th<' demand 
for novelties sharfieiis the seedsman’s wits. In a few years, as a 
results the disTOA^ery of a promising variation, or “rogue,” thePer- 
fectedi Delmonico melon or the Improv^ed Golden wax bean is intro- 
duced. These varieties are the result of the seedsman’s most careful 



106 YEARBOOK OF THE U. 8. DEPARTMENT OF AGRICULT9EE. 


attention in breeding tlie variations for several generatioma and in 
carefully selecting and destroying the “I’ogues/' until the type 
has become practically fixed and h(*reditary. 

We have thus far considered only the development of variations 
caused by environment through seed selection, as this seemsifco be the 
only sure way of fixing and rendering such variations hereditary and 
transmissible through the seed. In plants that avo. pi'opagated regu- 
larly by (Sittings, suckers, (dc., similar improvtuneiils may 1)0 Wrought 
by careful s<dection. Ibid variations, or sports, which may be the 
indirect/ result of changed conditions, an^ usually mai‘ked variations, 
wliich (*an not be improved by seed selection, as the variation is not 
usually reproduced by tlu^ s<‘ed. Improvements in such (*aoe 8 must 
be by bud seleet iou. 

The improvement of ])lauis by <*areful sedendion and li:^tion of 
variations, (U'ossing, liybridizing, etc., whih^ in one sense a w^ll-worn 
field of pra<dical inv(\sligation, is in anot her senses new and .promis- 
ing. The demand for noveltii^s is constantly imo-emsi ng, and at no 
previous tinu' have ri'sults iii this diretdioii met with so rea<ly appre- 
ciation. The diversification and c\t<uisiou of fruit and vegetable 
iiidustri<‘s into new regions creates a demand foi* varieties adopted to 
various conditions. As the <*ouditions niimbcrhvss, the field for 
improvement sinuns almost inexhaustible. No brancdi of horticulture 
or agriculture jiromises more important and remumunlivo results 
than may be attained by inl.(dlig<uit i)lant breeding. Itather more 
than ordinary intellig(‘n(‘e is ueccvssary to satisfacdorily (*onduict such 
work, however, and th<‘ d(?sirabilily of a thorough pieparatory train- 
ing, such as may l)c obtained in our State agricultural colleges, can 
not l>e ov(‘r(‘stiiiiated. 



POTASH AND ITS FUNCTION JN AORICULTrilE. 

By n. W. WiLKY, 

(liUf of the Dh'ishn of (^hemistn/, V. S. DcjKirtiitent of Ayvirnftnrr. 

OKKilN OK KOTASH. 

The pi(f)tash naturally present in a soil, in coiuino?i with its other 
mineralxonstitiKuits, is tJie residue of the (le(*omposition of the min- 
erals wl^ieli composed 1h<‘ original rocks. The (*ommou salts of pot- 
ash, y\z^ phospliate, chloride, sul|)]iate, etc., an* soluble in wabu*, and 
where disintegrated rocks are subj(H‘ted to leaching these* salts are in 
a great) ineasun' removed. In the original rocks the potash is chiefly 
held in the striudure of silicat(‘s, jnore or U*ss (*omi)lex, and wholly 
insoluble in water. In the debris of th(*se r(M*ks, as found in the soil, 
it is ovkhuit that the p<»tash must still lx* liehl in the iusolubh* .state, 
but, nevertlndess, so thoroughly decomposed as to be yielded grad- 
ually to the demands of the growing plant. 

LOSS OF POTASH DFRlNCi WE.VTHFRINO. 

Durittgthe |)rogressof <le(*oniposilion a [)ortion of 1 he potash passes 
into the solubh* state and is r(*inovcd ]»y tlic l(‘a(*hing pro<luc(*d by 
heavy rains, 'fliis fa<*t is eoiudusix ely shown b> the chemical analysis 
of fresti and d(*com])osed roeks of the same structure and (K*curring 
in the saim* locality. For instance, in tlu* analysis of a fresh and 
decomposed ro(‘k (diabase) near Medford, Mass., it was found by Mr. 
(i. P. Mei*rill that tlu* undecom]H)s<‘<l sam])le contaiiusl -.10 [kercent of 
]>otash|' and tlu* disint(*grat(‘d portion l.7e per c(‘nt. From thes(* data 
it is seen that by lea<*hing during and after w^eathering the diaba.se U)st 
Ifl percent, of its potasli 

In cem])aring tlu* soil, partially disintegrated ro<*k and undeeom- 
l)Osed granite, from winch the fre.sh and de<*om]>osed roeks w'<*re de- 
rived, jiear Hock (i*e(*k, in the Di.strict of C^)lumbia, almost the .same 
relatiV8i‘» loss was found, the p(*rcentag«\s of ])otash in the rock, d(*com- 
posedjrock, and soil lH*ing, respect iv('ly, as follows: L\71, lMJ, and 
w.lO, billowing a loss in passing from the fre.sh rock to the complete 
soil ot 23.5 ]>ei’ cent. 

Froifi these data it- is safe to conclude that in virgin soils, formed 
in situ and free from erosion, from 70 to 80 jx*)* cent of the ludasli pres- 
ent in the original rocks will still found. It would evidentlybe 
uselep to seek for any constant relation Indwcen ihe i)ot.ash in s(*di- 

menitgry soils and that in the iwks from which they were originally 
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formed. In these soils is found a mixture of sediments of very dif- 
ferent origins and of different degrees of fineness, the finest particles 
lleing evidently carried to the greatest distance, or being last depos- 
ited. In the finer particles of such a soil there is naturally a gi*eat 
disturbance of relations, and the potash itself is distributed among 
such j)articles in proportion to its solubility and the specifi# gravity 
of the intact; rock fragments containing it. 

PERCENTAGE OF POTASH IN FELDSPARS. 

The mineral constituents of rocks whi(‘h afford the largest quan- 
tities of potash to the soil are the potash feldspars. The rocks 
containing this mimn-al are widely disti ibutcd. Feldspar f Itself is 
essentially a silicate of alumina associat(»d with the silicates^ potas- 
sium, sodium, or cahdum. ]\lagnesia and iron are eitlier alisent or 
occur in very small quantities. The predominating alkali te either 
potash or soda, although where potash priMlominates there is nearly 
always some soda, and where soda ])rod()minal(‘S a small (piantity 
of potassium is found. The amount, of i)otash hi felds])ars varies 
widely; it is in general from 5 to 15 per <*ent. In a variidy of feld- 
spar found at Freindi Ch'eek num‘s, Warwick, J5.09 per cent of 
potash has been found; at Idagnet C’ove, Hot Springs, Ark., 15.00 
per cent; at Leverctt, Mass,, 12 .l^ 0 per cent. Fiidsjiars of this kind 
have as much potash as the fertilizing material known as kainite, 
described further on. Tt is evident that if siudi feldspars were readily 
decomposable, yielding the potash in a form solubh* in water cn* easily 
dissolved by the vital activity of the rootlets, they would ])e quite as 
valuable f or fi'rtilizing purposes as tlu^ kainite of com m(*rc<\ In point 
of fact, however, these feldspars, as a rule, disintegrati' slowly, and 
it is jii’obable that there wouhl be no iminediat(» effe<*t i)rodiieed by 
applying them, even in a finely ground state, to the soil. Sooner or 
later, however, the jirocess of disintt'gration would be sufleiently 
advanced to render the potash assimilable, ViiWo by little, by 111© grow- 
ing crops. 

Feldspars may be altered or disintegrated by infiltral in g^' waters 
carrying more or less carbon dioxide in solution, and also ])y the acd.lou 
of waters rendered acid by the decomposition of sulphiiles, or-a min- 
eral containing the protoxide of iron is often the first occasion of the 
change. When the infiltrated winters contain carbon dioxide, the 
feldspar first loses its by a combination of the lime with this 
acid, and next a portion of its potasli is carried off as carbonates. 
The residue, being chiefly silicate of alumina, becomcvS a kind of 
kaoline. The carbonate of so<la or iiotash or the silicate of thosd-bases 
may be used in the formation of other minerals, while the alkaW goes 
to supply the saline ingredients of fresh and marine waters; The 
decomposition of feldspathic rocks near the siii’face of the^ oarth 
evidently proceeds in such a w^ay as t/O distribute extremely line 
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partMes fKfthe partially undeoomposed minerals throughout the soil. 
These mistral particles coutain the residual potash of the original 
mineral im^a form which may bo slowly used for agricultural i)urposes. 
In localit|Nii subjected to heavy rains the water-soluble form of the 
potash reuniting from weathering is not found except in very limited 
quantiti#;^ but, as indicated in the analyses cited, the (luantity of the 
potash ielt by this solvent action d(M3S Tiot in many instances exceed 
20 or 25 fier cent of the total quantity ])resent in the original rock. 

BISTKIBUTION OF THK POTASH TX THE SOIL. 

When m soil is separated by water into groups of particles of 
approxiniately tlu^ same size, the potash is unequally distributed 
among them. In one instance it has becui shown that a soil c5ontain- 
ingO.G3|fercent of potash atf<»nled sediments in which the potash was 
distributed as follows: In the clay (21.0-t per cent of the whole) 1.4:7 
percent; in silt less than a quartcrof a millimeter in diameter (23.50 
jKjr centof the hole) o.5:i per cent; in silt half a millimeter in diam- 
eter (13,07 per <*ent of the whole) 0.12 per cent. The total potash in 
all the sediments amounted to 0.40 per cent of the weight of the soil, 
showing a loss of 0.15 per cent, which is ascribed to the solvent 
action of the water used in efTc^cting the separation. 

RELATB'E SOLUBJLITV OF PAKTU’LES OF DIFFEKEXT DEGREES OF 

FINENESS. 

The 8<3iubility of soil partieles of <Hff(‘r(‘nt degrees of lineness in an 
acid, suoh as hot liydroehloric*. is, as a rule, inversely proportional to 
their sijRO. The clay, therefore, possesses the highest <legn‘e of solu- 
bility, and the e.oarsor ])articles in the order of theii* sv / a ^ are less sol- 
uble. Thus, while a soil may lose a ]M)rtiou of its potash in passing 
from a state of larger to om^ of smalh‘r aggregates, th<^ residual potash 
beeomes more readily solnbh», and tluoefore more easily assimilated 
by the ptant. In the eoarser partieles of the soil are retained those 
mineral constituents of j)lant food whi<*h, in the eourse of years, 
become gradually available. Nature thus eouserves the potash, as 
>vell as ether mineral foods, in a most careful manner, giving up only 
limited portions eacli year. 

RELATION OF FOTASH TO OTHER MINERAT. LN(;HB:DIENTS IN SILTS OF 
DIFFERENT MAGNITUDE. 

As a festilt of the studies of the composition of the sills, the follow- 
ing conelusious may be drawn : 

1. TIte iron and alumina exist, in almost identic^nl relative proiwr- 
tions isieach sediment, making it probable that they are in some way 
definitely correlated. 

2. Petaah and magnesia also exist, in almost the same (iiiantil ies, 
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and their ratio to each other in all the sediments beiiig almi8t )^!iiSLStant 
seems to indicate that they occur combined, perhaps in iBeolitic 
silicate which may be a source of supply to plants. 

3. Manganese exists only In the clay, a mei*e trace being^ found in 
the next sediment. 

4. The lime appears to have disapi)eared in the clay, hai|^ng prob- 
ably been largcdy dissolved in thc^ form of carbonate by|^e large 
quantity of water used in elutriation. Its increase in thp^ coarser 
portions may be owing to its existence in a (*rystallized form not so 
readily solulde. 

5. In a summary of the ingredients, it is seen that there is a loss in 
potash, magnesia, and lime in the sediments as coiripared^ith the 
original soil, ajid this loss is doubtless ])artly due to the s|9[ution of 
these bodies in th<‘ water of elutriation. 

A noteworthy fact is the rapid decreas<* of acid-soluble i&atter in 
the coarsei* sedijiierits. 


DISTRIBUTION OF POTASH IN THE SOIL AND SUBSOIL. 


A study of th(^ distribution of tin* potash in the soil ami suljsoil may 
be undertaken from t wo points of vi(*w. In tlu‘ iirsi place, %he total 
quantity i)resent in each may b(‘ <leterinined. This r(‘snlt 'does not 
take into consideration the availability of tin* j)otash, Jior its relative 
solubility in different menstrua, but re]>rcs(‘nts only the total quan- 
tity pi’csiuit in ovory foiTii. 

In the second plae<', an attempt may be made to determine only 
that portion of the [)otash w]ii<*h is soluble^ in a given menstftium un- 
der set conditions, representing, presumably, the (plant ity (tf potash 
immediately or siicc(‘.ssiv(^ly" available for th(‘ nourishment of plants. 

In ten samples of tyj)i<*al soils and subsoils, rei)resenling different, 
parts of the <*oiintry, the total average <piantity of i)otash found and 
also the (piantity’ soluble in hot hydrochloric, acid, on digestit^ for ten 
hours, are as given in tin' following table: 


Soil 


Virgin mirface 
Virgin subsoil. . 
Cultivated surface 
Cultivated subsoil . . . 


Tot4: 

potiisb. 

potash 

1 Boliiblo 
ill HCl. 

/Vr 

I Prr rf'w/. 

l.H^ 

o.4i;i 

2 («0 

.m 


,4^1 

i.tnb 

.m 


These data show that there is slightly loss potash in thef.8urface 
than in the subsoils, and this indicatiis tliat the lea(3hing of|the sur- 
face soil and the abstraction therefrom of the potash by the|frowing 
plants tend to diminish the total quantity of potash tliereiiias com- 
pared with the lower layers of soil where these extractive f(|Rces are 
less vigorous. On the other hand, the data show that th^, potash 
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in the Boil iH more soluble iu hydnx'hloric acid than that 

cont>aiiied#iii^ the subsoil. This condition is brought about by the 
greater ei^EHiSure of the surface soil to weathering influenccKS and hy 
the actioij of cultivation in reducing i)artially decay txl mineral frag- 
ments ffeier state of sul)divi8ion and to the biocdiemical a(*tivity 
of soil f^imnts and jdant life. The evident deduction is that while 
the surface contains sliglitly less potasli than the subsoil, the potash 
in the f<|riufr is inor<^ easily assimilable than tliat in the latter. In 
this conJiection it should be noted tliat, with one or two exceptions, 
the surface soils used in llu^ abov(‘ analyses liml never been treated 
with an|r potash fertiliy.cu's. It is evident, however, that tln^ relative 
quantitlbffof potash in soils and su])sf)ils may vary f rom geological and 
Tneteoroic*gi(*al <*auses and with tlie eliaratder of (*roi) and (uiltivation. 

HKI4ATIVE ACTIVITY OF J)rFFKKF.NT Sor.VKNTS FOR FOTASll. 

Froimthe data given, it is seem that hydro<*hlori<* acud extracts, in 
round HumbcTS, per (*cnt of the total i)otash in th(^ soil. The exact 


uuml>eii»B for th(^ dilfenud soils arc as follows: 

IVr cent. 

In virgin Ml rfact‘ .soil .. ... 21. 

tn virgin Hubfioil , . ..... is, 83 

In cultivated .siirfarr Hoil . . 22.116 

In cilfltivated Milmoil. . ... . . 16.76 

Mean for ft »rty sain pit *H . ... 20.76 


II 1 C quantity of jiotash whitdi wcaktu* solvents abstratd from a 
.sampleof soil (b'pends largely, not only on the nature of the solvent, 
but alscoii its relative tjuantity Avhen (*oni[>anMl with the soil samples, 
the length of lime the sam]de is subjected to dig<*stion with the .sol- 
vent, and the lemiierature ami the degree of mechanical agitation to 
which the mixture is subjected. In eom])arative determinations, 
made in the division, it has bmm shown that organic acids and their 
salt.s e?Etra<‘t much smaller (luanlities of ])otash from the soil than hot, 
strong i^’drocliloric acid. The weakest of these solvents gives results 
more eoncordant with the quantity of ]>otasli taken from the soil by 
growiri|f crops than <*aii be obtained by the usi^ of more etYe<divo sol- 
vents. i 

PERCBJ|irTA(iE OF I'OTASH REMOVED FROM SOILS RY WEAK OHCiA^VTC 

ACIDS. 

It isf^0nerany assumed that one of the chief factors active in secur- 
ing th| solution of potash in the soil is the acid secu'ction of the root- 
lets oKpiants. The aiddity of this secretion is due to a weak organic 
acid--«4ilrie, luaUe, or oxalic — and for thisn^ason it is justly supposed 
that tl© solvent action of a weak acid on a soil more nearly represents 
the xiiitdral action of a plant, than any otlior method of extraction. 
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TJiifortunately, the degree and nature of the acid seceellp^ of too^ 
lets can not always be determined, and therefore any to imi- 
tate the natural process by laboratory methods must Im or less 

empirical ^ 

In addition to this, no use can be made in the laboratory oithe vital 
and vegetal forces which undoubtedly exercise a great influence on 
the solubilit y of the constituents of the soil. NeveHheless, Sb is inter- 
esting to study the action of dilute organic acids on soils, lEad espe- 
cially to compare it, under fixed conditions, with the data fgotsdrom the 
crop itself. ^ 

It has lieen found in expennionts here, on eight typi(*al ejlkilH from 
different parts of fhe <*ountry, that flic following mean qiflintity of 
potash is removed by dig<‘sting 200 grains of fine soil for ftre hours 
with 1 liter of a 1 per cent eitrie acid solution at a teinpemture of 
lOOO . 

Per eent 

Total mean quantity of potash in soils . . , t. 5910 

Total mean quantity of potash leinoved by liydro<‘hloru* ju'kI ^25H0 

Total mean quantity of potash removed by citric acid . ,0074 

111 comparing these data for the (‘ight soils examined, the following 
faetvS appear: Hydrochloric acid (extracts 10.2 [)cr cent of the total 
potash; citric a<‘id extracts 0.45 per cent of Ibe total jxdash. The 
citric acid i.s, therefoi’c, more than thirty-six times as weak a solvent 
for potash as hydrochloric. 

In making this comparison, however, it must be remembered that 
the extraction with ]i 3 "drochloric is made with strong acid ai a tem- 
perature of boiling water, while the extraction with liie eitrie acid is 
made with a very weak solution and at a temperature but yo^y little 
above that of the workroom. For equal degrees of (*one©utration, 
equal iempt^raturc's, and ecpial times of digestion 1h(‘ dilTereuce in 
solvent power would not be so marked. 

AMOUNT OF POTASH IN ONE A(T1E. 

An acre contains 411, 560 square' feel of surfa(*e, and in a fcpth of 
1 foot, 4il,5G0 cubic feet of soil. 

The weight of a cubic foot of dry soil varies greatl}*, acc^olding to 
its nature, a sandy soil being heaviest, and a peaty soil lighteit. For 
common arable soils the w^eight is about 80 j>oihk1s per cu^liic foot. 
The total weight of an acre of dry soil, taken to the depth of*l foot, 
is therefore about 3,484,800 pounds. Since a very fertile soil contains 
about 2 per cent of potash, it is seen that the total weight of sub- 
stance in an acre of soil, measured as above noted, is 09,606 gounds. 
A crop removing 50 pounds of potasli a year could be growibiCiusecu- 
tively for nearly one thousand four hundred years on sui^ a soil 
before its content of jmtash would he> entirely exhausted. 

Many fields are found, however, in the older continents have 
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certainly been under cultivation for more than four thousand years, 
and which still contain notable portions of potash. It is evident, 
therefore, that the stores of potash are either conserved by fertiliza- 
tion or are gradually restored from the deeper and apparently inex- 
haustible supplies afforded by the progressive decay of subterranean 
rocks. Referred to the weight of the soil on the abov<^ data, the per- 
centage of potash removed by a single crop consuming 50 i>ounds of 
potash per acre is almost infinitesimal, being rei)resent:cd by the 
fraction 0.0000143. Bas(‘d on the total quantity of potash, the amount 
removed by one croj) is 0.000717 per (*eiit. These quantities are so 
small that it is rpiito Ix^yoiid the limit of a<*curacy in analytical work 
to determine them definitely. It is undoubtedly true, however, that 
the assi mil ability of potash depends, to a larger extent, upon the 
qiiantity thereof soluble in either hydrochloric a(ud or* in some one 
of the organic acids or its sails which may be us<5d for extraction. 
Fortunately, the rootlets of ])lants couh^ into intimate contact with 
only a very small x>^>f*tion of the soil in which they grow, and it is 
the semisoluble potash in these soil particles that serves for x>hint 
food. When, however, a small quantity of X)otash, soluble in water, 
is added to tlio soil, nearl}’^ the wliole of it, under fuxorable climatic 
conditions, may be a])sor})(Ml by a single crop. It is evident, there- 
fore, that treatment with hydrochloric acid, and even with dilute 
organic a<jids or their salts, will not give us the data of actually avail- 
able X)otash, but they may afford a basis on which the proportion of 
available potash may b<^ calculated. The soil holds a certain quantity 
of fertilizing materials with siieh tenacity as to render it practically 
iinx)os8lblo for jilaats to entirely a])sorb the sui)X)ly and leave the 
fields utterly impoverishc<l. Thus nature to a certain exbmt d(dVnds 
the future again.st the rapacity of the i)resent, for it is certain that 
should science disc(»ver a method wdiendiy all the fertilizing ingredi- 
ents of the soil could be made available in fifty years, aggressive 
agriculture w^ould not hesitate to lake advaiitagi" of the oi)X)ort unity. 

QUANTITY OF POTASH WITHDRAWN FROM THE SOIL BY THE MORE 

IMPORT.XNT CROPS. 

It is evident that the quantity of i)otasli w ithdrawn from the soil 
by a given crop varies from year to year with the abundance of the 
harvest and with meteorological conditions. In determining the mean 
annual contribution of pobish, it is sufficient to ascertain the mean 
yield of the crop for a series of years and base the estimates thereon. 
The potash wdiich enters into a crox) is not all removed by the harvest. 
A part remains in the roots, w^hen these are not liarvestcd, and in the 
straw or otlier d^^bris left in the field. The most comxilete removal 
of the i)otash takes x>la<*o with root crox)s, such as the sugar beet, 
where both tops and roots are gathered. The minimum harvested 
12 a96 8 
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quantity of potash entering into crops and subject to harvest is found 
in fruits^ in maize gathered from the stalk, in cotton, and in wheat 
and other cereals harvested by headers. In making estimates of the 
quantities of potash removed by the principal crops, the above state- 
ments arc taken into consideration. In the princii>al cereal crops, 
of the magnitude noted, which represent about the average i>roduc- 
tion of tho United States for 1895, the quantities of ash in grains and 
straw, tho i>ercentago of i^otash therein, and tho weight of potash per 
aero aro given in the following table: 


(’rnp 


! 


Maize . 
'Wlicat 
Oats... 
Barley 


AoroR. 

Bushels. 

Weight of ash 
m grain. 

Per cant 
of potash 
in ash. 

Weight of 
potash. 



Pounds. 


! 

Pounds. 

82,075,830 

3,151,138,580 

1,860,800,000 

37.98 

619,731, 4-40 

04,000,000 

450,000,000 

556,200.000 

31.18 

173,311, »30 

27,800,000 

824,450,000 

830,400,000 

10.38 

137,493,720 

3, 301'), 000 

87,075.000 1 

120,010,000 

25.0:1 

:jo,iao,ooo 


Crop 

... - - . . -..i 

Weight of ash 
in straw, i 

Por rent 
of tK)ta.sh 
in ash. 

Weight of pot*! 
ash in .straw. 

ToUil weight ! 
of potash in 
grain and 
stalks. 

Potash 
removed 
IKjr acre. 


Pounds. 


Poumls. 

Pounds 

Pounds. 

Maize 

10,300.240,000 

22.96 

2,370,4X>,200 

2,890,150,640 

32.8 

"Wheat 

2,430,798,000 

13.65 

332,023,000 

505,934,920 

li.9 

Oat3 

2,008,000,000 

22.12 

1 457,^1,000 

691,905,390 

21.5 

Barley 

3:14, 080, OOt) 

22. a5 

70,838,400 

ion, 1)?S8,4«) 

32.4 


The moan quantity of potasli removed per acre by the cereal crops 
mentioned above is 27.9 pounds. The hay crop of the United Sbites 
at the present time is about 50,000,000 tons x>cr year, grown on an 
arcii of iibout 45,000,000 acres. Tho mean content of asli in dry hay 
is about 7 i)or cent, and the tobil *a.sh of tho hay crop is, therefore, 
3,500,000 tons, or 7,000,000,000 pounds. Tho mean percentage of jiot- 
asli in tho ash of hay is about 23, and the U:)tal weight of potash removed 
from tlie soil by tho liay crop is, therefore, 1,010,000,000 x)Ounds, and 
tho weight i)er acre about 30 x>ounds. 

The quantities of x>otash removed x>er acre by other crox>s are as 
follows: 


Crop. 

Quantity pur aero. 

Total 

potash. 

Potatoes 

100 bushels 

Pounds, 

50 

95 

44 

23 

70 

27 

Sugar beets ............... 

10 tons 

Sugar cano 

20 tons 

Cotton - 

Crop yielding 180 pounds of lint 

Tobacco 

3,000 v>onnds loaves 

Flax 

15 bushels, 1,800 iKiunda straw 




POTASH AND ITS FUNCTION IN AGRICULTURE. 


115 


For an average harvest the quantities of potash removed from the 
soil by some of the principal crops in Germany are given in the fol- 
lowing table: 


Crop. 

« 

Potash. 

Corresponding 
to kaiiiito. 

Kilos per 
hectare. 

Pounds 
per acre 

KUosper 

hectare. 

Pounds 
per acre. 

Forage beets 

256.6 

230 

1.035 

934 

Buifar 

147.6 

131 

675 

513 


07.8 

87 

380 

310 


53.3 

46 

205 

183 

Wheal 1 

38.2 

34 

150 

133 

Oat.i 

58.5 

BS 

230 

205 

BurL^y 

36.2 

32 

140 

125 



Mil 

44 ^ 

193 

165 

Beans - 

93.0 

84 

966 

325 

Clovtu* bay 

83.7 

74 

325 

290 

Lii' ‘rno hay 

lie. 8 

104 

455 

406 

Tol>ct<’f’o - - .... 

81 8 

73 

330 

285 
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QUANTITIES OF POTASH IN DRY VEGETABLE SUBSTANCES. 

Dilfcrent; in a dry state contain very different quantities of 

[><)Lish, and those variations are equally well marked in the different 
i)aiis of each jffant. 

Dry tobacco leaves contain a larger i)erceritago of potash than any 
otlior eoiiiinon agricultural plant, viz, about forty i)art3 per thousand. 
Tobacco is of all crops the one which has the greatest need of i)otash 
food. Tlio proportions of potash in some other common crops, reck- 
oned as pfU’ts per thousand of the dry substance, are as follows: 
Forage beets, 35; potatoes, 20; sugar beets, 18; red clover, 19; mixed 
liay, 16; beans, 13; peas, 10; rye (kernels), 6; wheat (kernels), 6; 
oats (kernels), 5; barley (kernels), 5; maize (kernels), 5. 

In the dry stra\s% the parts of potash in one thousand are as fol- 
lows: Beaus, 19; oats, IG; barley, 11; jK^as, 10; rye, 9; wheat, 6. 

RELaVTIVE QUANTITIES OF POTASH IN KERNELS AND STRAW. 

Ill cereal crops aliout four times as much potash is removed in the 
straw as in the grain, while in peas, beans, and other crops of that 
kind the proi>ortion is about two to one in favor of the straw. This 
is an imi>ortant fact to bo considered in preserving the straw of these 
crops for forage and manurial purposes. 

From the foregoing statements it is easy to determine the drain on 
the potash stores of the soil which is made by tlie loading field crops 
of this country. Those data are based on the average production per 
acre of the crops noted. In many localities the quantity of the crop 
Iiroduced may be very niiicli greater or less than the average, and in 
these cases the loss of potash must be eorresiiondiiigly increased or 
diminished. 
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AVAILABLE POTASH, 

From the data given it is seen that the total quantity of potash 
removed from the soil by a single ci*op is an almost infinitesimal per- 
centage of the weight of the soil. Even on the assumxjtion that the 
total acidity of the excretions of the rootlets of i)lants is correctly 
represented by a citric acid solution of 1 per# cent strength, it is 
clearly evident that the digestion of a small quantity of soil with an 
excess of the reagent is a process totally different from that of nature 
where the quantity of solvent is many thousands of tunes less than 
the quantity of soil. Nevertheless, a comx)arison of the quantities of 
potash removed from the soil by such a solvent with the actual quan- 
tities removed by the cro]) can affonl valuable <lata for apinmimately 
estimating, by purely chemical means, the degree of availability of 
the potash present. Experience has shown that when a soil yields as 
much as 0,01 per cent of ]}otash to a 1 })er cent citric acid solution, 
the addition of potassic fertilizers does not produce an economic? 
increase in the crop, wliiie, on the other hand, when the quantity of 
potash exti*acted by the citric acid falls to (t0()7 pei- cent, xxUash fer- 
tilizers give a most decided increase in yield. In this coniu'ction it 
should be noted that the (piantity of carbonate of liim^ in the soil has 
an important restraining bearing on the a(‘lioii of citric* acid in lilxu’- 
ating potash. It is evident that a large amount of (‘Xperiineiiial work 
must yet bo done before this question receives a satisfactory auswei*. 

ORIGIN OF POTASH DEPOSITS. 

It has been stated that in the do<*ay of rocks containing ])otasii a 
notable proiiortion of the potash, varying in amoiint fi’om -0 to -h) ]>er 
cent, is lost by solution and carried into tlu‘ streams. The potnsh 
thus passing into solution finds its way either into the lakes or the 
ocean, where it is subjected to the general laws of si^gregation which 
govern the formation of mineral strata dcx>osited from water. 

As is well known, in the dejmsition of mineral matters there is 
exerted a natural selection in such a way as to bring together those of 
like ciiaracter. This selection is exerted chictly througli the differcuit 
degrees of solubility of the mineral matters and the relative i»ropoj*- 
tions thereof existing in solution. It is evident that even a highly 
soluble substance wheii dissolved to saturation in a liquid will be 
deposited when a portion of that liquid is evaporated or if it lie 
reduced in temperature. As a result of this law of deposition, we find 
the layers of various stratified rocks and of rock salt, sulphate of lime, 
sulphate of magnesia, sulphate of soda, and the sulphate and chloride 
of potassium. 

All the potash salts which have been carried into the sea and lakes 
either still remain in solution in tliese waters, have been removed by 
the animal and vegetable life therein, or are deposited in layers in 
company with their other mineral constituents. 
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The recovery of the waste potash is chiefly secured by the isolation 
of sea waters containing large quantities of this salt, and tlieir subse- 
quent evaporation. Such isolation of sea waters takes place by 
means of geologic changes in the level of the land and sea. In the 
raising of an area above the water level there is almost certain to be 
an iuclosure of the sea water, of greater or less ext(^nt, in the form of 
a lake. 'J^his inclosure may bo complete or only partial, the inclosed 
water area being still in cominunicatiou with the main body of the 
sea by means of vsmall est uarii^s. If this body of water bo exi)osed 
to rapid evaporation, as was doubtless the case in past geologic 
ages, there will be a continual influx of additional sea water througli 
these estuaries to lake tlie plaec of that evaporated. The w'ators 
may thus become more aiul more cliarged with saline const ituculs. 
Finally a point is rea<iu‘d in the evaporation when the less soluble 
of the saline constituents 1)ogin to be deposited. In this way the 
vanr)iis formations of mineral matter, produced by the drying up of 
inelosed waters, lake ])lnce. 

Tlie most (extensive potash deposits known are those in the neigh- 
borhood (jf Slassf urt, in (icrmaiiy. Aceording the best authorities, 
the Stassfurt deposits of potasli luid tluur origin in past geologi<-, <‘p(M‘]is 
by the isolation of a part of the sea, tlie waters of wiiich were heavily 
(‘harged with imtasli salts. This isolation was at» first iiieomphde, 
and as tlio evai)oration of the inclosed waters took ivlace they were 
sii})plied by small estuari(‘s leading to the oee.an, and by a continua- 
tion of tliis process tli(>i percentage of saline matters in the whalers 
ra])idly iiuovuseil. In those ages the climate of Euroi>e w^as still trop- 
ical, and the rate of evaporation Avas therefore much more rapid than 
at the present time. 'Flie less soluble mat<n*ials, such, for instance, as 
gypsum, nalurally wxM*e the first dejmsited, and as comnum salt Avas 
the most abundajit mineral ingredient, these d(‘posils of gypsum were 
(*<»vered witli thick la 3 "ersof rock salt as the next deposit. This layer 
ultimately r<‘ached a thickness of 3,000 feel, and it is stated by geol- 
ogists that it required at least 13,000 years to form it. The deposit of 
rock salt is not coulinuuus, but is broken occasionally with lamellatcd 
deposits of sulphate of lime and, toward the ttq) of the formation, by 
layers of the mineral called polyhalite, which consists of the sulphates 
of lime, potash, and magnesia. Above these de]»osits are found other 
layers containing lh(3 mineral kieserite (sulplmtc of magnesia). Above 
the kiesei*it(‘ lino the chief deposits of potash salts consist Jiiainly 
of the mineral caniallite, composed of uiurialo of potash and chloride 
of magnosia, 1'he carualJile deposit is from 50 to 130 feet in thick- 
ness, and yields tlio most important quantity of the crude potash 
from W'hich the manufactured salts of commerce are made. Above 
the layer of carnallito is found a covering of clay whieli is almost 
impervious to water, and it is this w'ater-tighl covering w Inch has pre- 
served the soluble mineral deposited under it from subsequent solution 
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in percolating rain water. Had it not been for this protection these 
deposits of potash> now so v aluable to agricultui'e, would long ago 
have been washed away and lost. 

Again, above the clay is another stratiuii of sulphate of lime, show- 
ing that after the deposit of the clay the original process of the deposi- 
tion of mineral matter was continued, since above the sulphate of lime 
is found again a layer of rock salt; but this rock salt is of a purer 
quality than that of the first layer moniioned. The deposits are com- 
ifictod by another layer of sulphate of lime and of impervious clay 
capped by sand and limestone, which crop out at the surface of the soil. 

The perpendicular distance from the surface to tlio lowest of the 
Stassfurt salt deposits is about 5,000 feet, while the horizontal extent 
of the bed is from the Harz Mountains to the Elbe llivor in one direc- 
tion and from the city of Magdeburg to the town of Jlornbiirg in the 
other. 

The saline formation near Stassfurt is situated at the bottom of a 
vast Iviassic dei>osit suiToundiiig Magdeburg. The quantity of sea 
water which was evaporated to produce tlie deposits of more than 500 
motel’s in thickness must have been enormous, and the rate of evapo- 
ration great. It apiiears that a temperature of boiling Avater Avoiild 
haA^c 1)eea quite necessary, acting for a long time, to produce this 
result. 

It is therefore admitted that all the theories so far advanced to 
explain the magnitude of these dejiosits are attended Avith certain 
diffieulticH. What, for instance, could have caused so high a temper- 
ature? The most reasonable cause must be sought for in the violent 
chemical ac^tion produced by the double decompositions of sucli A^ast 
quantities of salts of different kinds. Tliero may also ha\"e been at 
the Ixittom of this biisis some subterranean heat, such as is found in 
certain localities where boric acid is deposited. 

Whale AX‘r be the explanation of the source of the heat, it A\'ill be 
admitted that at the end of the Permian perio<l there Avas thrown up 
to the northeast of the present saline deposits a ridge extending from 
Heligoland to Westphalia. This dam established throughout the 
A\hoie of north Germany saline lagoons in which e\mporation Avas at 
once established, and these lagoons wxre consUintly fed from the sea. 

There w^as then deposited by evaporation, first of all, a layer of 
gyiisum, and afterwards rock salt, coAxring, with few exceptions, the 
Avhule of the area of north Germany. 

But around Stassfurt there occurred at this time geologic dis- 
placements, the saline basin was permanently closed, and then by 
continued evaporation the more deliquescent salts, such as poly halite, 
kieserite, and carnallite, were deposited. 

Those theories account with sufficient ease for the deposition of the 
saline maases, but do not explain wliy in those days the sea Avater 
was so rich in potash and Avhy potash is not found in other localities 
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where vaet quantities of gypsum and common salt have been depos- 
ited. It may be that the rocks composing the shores of those lagoons 
w’ero oxcoptionally rich in i>otash, and that this salt was> tlicreforo, in 
a certain degree, a local contribution to the products of concentration. 

Up to tlio present time, deposits of potash salts have not been found 
in this country in connection with the mines of rock salt which exist 
in great numbers and underlie a vast extent of territory. It is true 
a systematic search for pobish deposits has never been made, but, as 
in the case of the German de]:)osits, if they had existed to any extent 
in this country they would have been dis<50vered accidentally in 
the mining of rock salt which has been so extensively practiced. 
Our geologists and agronomists, however, do not desi}air of the dis- 
covery of potash deposits on t he continent of Xorth America, although 
tliero is no danger of the exhaustion of the German mines for hun- 
dreds of years to <^<)me. lu the interest of economy, however, it Avould 
found that the Sfiving in freight which would be secured by the 
discovery of domestic deposits would prove of the greatest advantage 
to the Aincrieaii farmer. 

QUANTITY OF POTASH HALTS USKD ANNUALLY. 

According to the statistics of tlie Stiissfurt mines for 18CG, the last 
available, tlio quantity of crude salts raised was 727, tons of 2,240 
pounds each, worth at the mines I2,o74,80o. The greater part of 
this produ<*L was sold in the crude stale for fertilizing x)uiq)oses, and 
higli-gi'ade compounds wore prepared from the rest. The quantities 
of liigh-gz’a<lc^ ]>roducls made during that year were as follows: Potas- 
sium chloride (muriate of imtasli), 140,775 tons, worth $4,722,049; 
potaHsium sulphate, 23,281 bj^ns, worth $958,730; jx)tassiuin-nuigne- 
Siam sulphate, 14,150 Urns, worth $274,094. 

MKTUUiiS OF rUEi\ViaNG HUai-GHADE SALTS. 

The potassium chloride is prepared by leaching the eamallite, or 
other crude salts containing imtassiiim chloride, either with hot water 
ora hot eonctuifraled solution of magnesium chloride in such propor- 
tions as to dissolve the potassium and magnesium chlorides but not 
the common salt. On cooling this solution to 70® C. and allowing it to 
r(unahi for some time, the potassium chloride is deposited in a ciys- 
talline form. A second crop of cr^^slals is also obtained by cooling 
the mixture to usual toinporalures. On concentrating the residual 
mother liquor, another crj^stallino deposit, consisting of mixed iiotas- 
sium and magnesium chlorides, is obtained, which can be a<lded to the 
crude salt and re-treated as above. The crystals of potassium chloride 
obtained by the first two crystallizations are washed, drained, dried, 
and i>ackcd for shipment. By repeated cvaiKirations, crystalliza- 
tions, and resolution, about 85 per cent of the potassium chloride is 
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finally obtained, only about 15 per cent being lost in the waste waters. 
Even these wastes are evai)orated and sold for fertilizing jjurposes to 
nearby farmers. 

Potassium sulphate is most easily prepared by treating the chlorine 
compounds of potash, obtained as already descril)ed, with sulphuric 
acid. Free hydrochloric acid is generated by this treatment, which 
may be collected in cold water in the usual way. 

The double suli^hate of potash and magnesia is made for commercial 
purposes from the iirri)uro kainite as it conics from the mines. A sat- 
urated solution of the crude kainite, made wdth vrater under iiressui e 
at a temperature of p ^ deposit the double sulphate in fine 
crystals on cooling. 

Potassium carbonate is made from the chloride or sulphate by roast- 
ing the salts with finely divided charcoal and carbonate of lime, tly 
this process potassium carbonate is formed, wliicdi can be extra(‘tod 
by lixiviation. For fertilizing purposes this salt is used chiefly for 
tobacco. 

CHANGES IN POTASH DEPOSITS. 

The deposits of potash salts are not all found at the j)rcs(*nt time in 
tlie same condition in whi<h tliey wx*ro first sei)arated from 1 he milui’a! 
brines. The strata liave been subjected to the usual ui>heavals and 
subsidences peculiar to geological history, wdier(d)y their edges liave 
been brought to the surface and exi)osed to solution. I 1 ie dissolv<Ml 
brines afterwwds deposited the crystallizable salts in new combi na- 
tions. For instance, kieserite and the potassium chloride of earnallito 
were first dissolved from the deposits and there was left a salt (com- 
posed chiefly of potassium and sodium chlorides known as 8 ylvinit<‘, 
In some cases there was a mutual reaction b(d.w’een the magru*siuiu 
sulphate and the ])otassium chlorides, and a new salt, viz, scli()nit(‘, a 
magnesium-potassium sulphate, was ])rodue<Hl. 

The most important of these secondary products, from an agricul- 
tural standpoint, is kainite. This compound has arisen by lh<^. union 
of iiotassiiim and magnesium sulphates and magnesium chloride, and 
is formed at the borders of the layers of carnallile w]ierev(*T water has 
worked upon it. The quantity of kainite, as may be supx)osod, is far 
less than that of carnallile, but there is quite enough of it to satisfy 
all the demands of agriculture for an indefinite time. 

COMPOSITION OF THE PRINCIPAL POTASH SALTS. 

KAINITE. 

The most important of the natural salts of iKitash for fertilizing 
purposes is the mixtuj*e described above, know^ii as kainite. In a i)ure 
state it is represented by the symbol K 2 SO 4 .MgSO 4 .MgCl 2 .Il 2 O. Its 
theoretical content of potash is 16 jyar cent. The pui*o salt, how- 
ever, is not found in commerce. As it comes from the mines, it is 
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mixed with coiumou salt, potassium chloride, gypsum, and other 
bodies. In general, the content of potash in the comniercia] kainite is 
about 12.5 per cent, of which more than 1 per cent is derived from the 
potassium chloride present. Kainite occurs in situ as a crystalline, 
partly colorless and partly a yellow-red mass. When ground, in 
which state it is usually sent into commerce, it forms a rni(3 gray- 
colored mass containing man 3^ small j’ellow and red-colored fragimmts. 
It is not hygroscopic, an<l if it become moist it is due to the exc<^ss of 
common salt which it contains. Formerly , kainitci was regarch^d as a 
potassium-magnesium sulphate, but this conception does iu*t even 
apply to the XJiire salt, much less to that which comes from the miuns. 
If, therefore, the farmer desire a potasli f(U'ti]izf‘r f]‘(‘o of chlorine, he 
would 1)0 do(}ei\ <Ml in choosing kainite, as it may sometimes eoutain 
nearly 50 cent of its weight in cldorides. 

In many cases the chlorine content of kainite may X)rove ad\anla- 
geous, tlio chlorides, on a<*count of their easy (liiTusilnlit^Mlirough tlio 
soil, serving I0 distribute the other iiigrcdients. r)3M*eason of tlie 
X)resen<*.o of common salt and inagiH^siiuii chlorhh' th(‘v<^ is a lemhuK'y 
for kainit<‘ to liainUm into coiiijund. masses, which lua^' be x)reventi'd b^" 
mixing it with about 2.5 p<‘rcent of itswciglitof finely ground dry ])eat. 

('AUNAL1.1TK. 

Tliis miiuM'al, the most a])undant of the natural deposits of j)otash, 
is a mixtui'c of pt)tassium and inagiiesium chlorides and crystallizes 
with six moleciih’S of water. It is repres(uit(Ml I)}’ tlie vS^'iubol KCl. 
MgOla.GIl/). The i)ure salt is not found in commerce, and the eom- 
iiiereial article contains a (piaiitit}' of x)otas.sium and magnesium 
sulphates and other bodies. Farnallite is the chief soureo of the 
muriate of iiotash (potassium (diluride) which is found in cominerce. 
The eomniercial earnallite lias slightly less potash than kainite, the 
mean content being about 0.0 j)er cent. It oceiirs in characteristic 
rod-brown nia»st*s, and on account of its highly hygroscopic nature it 
should be kt*pt, as far as possible, out of contact with moist air and 
should not be ground until imnieiliately ]>efore using. 

roLYUALITK. 

Polj^halite is a mineral occurring in the Stassfiirt deposits, and con- 
sisting of a mixture of potassium, maguesiiiiu,find calcium sulphates, 
ciystallizing with a small quantityof Avater. On account of being 
practically free of chlorides, this mineral would be an ideal natural 
fertilizer for tobac<*o and vineyards, but. unfortunately' it does not 
occur in sufficient quantities to warrant the exi)cetation of its ever 
being an important article of commerce. It is found only in pockets, 
or seams, among the other deposits, and there is no iissurance, on 
finding one of these pockets, that it Avill cxteml to any groat dis- 
tance. The composition of the mineral is rex> resented by the formula 
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K2S04,MgS04.(CaS04)j^.H30. The percentage of potash in the min- 
eral is 15.02. 

This mineral occurs associated with polyhalitc, and dilTcrs from it 
only in containing twice as naich g3"psum (calciujn sulphate). As 
it comes from the mines it is frequently mixed with a little common 
salt. The percentage of i>otash in the conmiereial article is about 
10.05. This salt, as tlie preceding one, also exists in limited quanti- 
ties, and is not likely to become an important articli? of commerce. 

SYI.VINK. 

Tills salt is an alteration xiroduet of carnalliie, and is j>ractically a 
pur(^ Xiotassiuin chloride. It is found only in limited quantities and 
do<\s not hav(^ an}" great commercial imxiortanco. 

SYLYIXITE. 

Consulorable quantities of this mineral have been mined in recent 
years, and it is eonixiosed of a mixture of common salt bearing largo 
qimnlitiCvS of chloride and some other Ixxlies. It was prob- 

abh" formed by the drying up of a saline mass in such a way as not 
to iiormifc a conijilele separation of its mineral conslituenis. Its con- 
tent of i)otash, when mined, is about 2'o i)er cent. 

KIESEUITE. 

This ininei'al is essentiall}^ a magnesium sulidiate, and does not 
neccssaril}" contain any xiotash salts. Under the name of kieserilc, 
however, or bergkiesorite, there is mined a mixture of carnallilo and 
kieserite wdiich U a commercial source of x>o(ash. As dclivcu^ed from 
the mines th('. mixUire contains only iiboiit 7 cent of potash. 

S( ’JI< »NITE. 

Among ilio Stas.sfurt dexmsits tliore occurs in small quantitiosa min- 
eral schunite, which is comx^osed of the su]x)hatos of X)otassium and 
magnesium. On account of the xiaucity of the mineral it lias not* 
much commor(»ial importance, but wlicn kainile is wasliod with Avater 
the common salt and magnesium chloride AAiiich it contains, being 
more soluble, are the first leached outr, and the residue lias ax>proxi- 
imitely the composition of the mineral scliduitc. The percentage of 
potash in the commercial article is about 27. On account of its low 
content of chlorine, it is ospeciall}’' valuable for the fertilization of 
tolm-oco and vineyards. 

MANUFACJTURED COMPOUNDS. 

Of the manufactured salts which are sold for fertilizing puriH^ses, 
the sulphate and C/ixrlxinate of potash are ilie most important. 

Several grades of xiotassium sulphate are sold for fertilizing jiur- 
poses. Some of them are quite pure, containing about 1)5 i)er cent of 
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pure sulphate. The percentage of potash in these high-grade salts 
often approximates 50. 

Potassium-magnesium carbonate is considered to be one of tho best 
potash salts for use in fertilizing tobacco. It lias a p<}r<?ciitago of 
I)otash varying from 17 to 18. Tho compound is dry, not hygroscoi)ic, 
and, therefore, when once ground is always ready for distribution in 
tho field. It is especially serviceable for all intensive cultures where 
it is feared that chi or id (^s or sulphates will i)rove injurious. 

Tho mean (?arn position of the various salts mentioned is shown in 
the following table: 
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OTTIKK SOUKCES OF VoTASil. 

''J’iie primary sources of potash, such as the original feldspars con- 
tainiTig this element and the mineral doposils formed thci'efrom, are 
not the only stores on which the farmer may draw for supplies of 
this valuable material. It has already been seen that the straw of 
cereals and leguminous crops affords an ash rich in i)otash, and the 
mauiirial v.alue of this refuse dejxmds to a certain extent on its con* 
t(^jit of this ingredient. Other organic materials, products of agricul- 
ture, such as tobacco waste, cotton-seed hulls, tho ash of woods and 
other terrestnal plants, residues of beet-sugar factories and wineries, 
and stall manures all contribute potash fertilizers to the soil. 

TOBACCO STEMS. 

The stems and stalks of tobacco, which are waste products in man- 
ufacture, as has already been noted, are rich in i>otash. These stems 
give about 15 per cent of ash, which may contain as high as 8 per 
cent of potiish. It is not, however, advisable to burn the tobacco 
waste in order to obtain its fertilizing ingredients. In combustion, 
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the nitrogenous constituents of the waste, which are also valuable 
fertilizers, are lost, although it is true that both the potash and j)hos- 
phoric acid become more immediately available after incineration. 
In order to promote the absorption of the fertilizing ingredients of 
tobacco waste, it should always be finely ground before applying it 
to the soil or mixing it with other fertilizing materials. 

COTTON SEED. 

The imtash content of emotion seed is one of c.onsidorable imj)ortance 
from a fertilizing point of view. It is customary, in many localities, 
afler the separation of the hulls from the seed, to burn the former and 
use onJy the ash for fertilizing i)iirposes. Cotton-seed hulls contain a 
less ])ercontage of mineral matter than the kernels, but still afford 
about I) i)er <*entof ash to 7 per cent for the meal after the (‘xt rad ion 
of the oil. If the pere<uitage of potash in the kernel and hull bo 
determined before the (extradition of the oil, the ditTorenco i]i (juantity 
is not so great. The i)ercenlage of potash in the ash of the hulls is 
about 23, while in the ash of the meal it is slightly higlu'r. T>y l iaison 
of the destruction of the uitrogenons constituents of the hulls iii 
burning, the propriety of this process is qiiostionablo from an eco- 
nomic point of view, although, as was stated in the ease of tobacco 
waste, both th<^ potash and phosphoi'ic acid of the ash become more 
(j[uickly available after burning. 

A8H OF WOODS. 

The imx)ortance of wood ashes as a fertilizing principle has long 
beiui recognized, and the (•ontent of potash therein is one of the prin- 
eij)al points to bo considerid in diiitcmmining their fertilizing valine 
irnleacluHl hard- wood {ish(3S contain al>out 5.5 jxu* c(‘n1. of potush, 2 
per cent of phosphoric acid, and 34 ])er cent of lime. Tlio potash in 
wood ashes exists chietly in the form of carbonate. In hmchinglo 
o]>lain lye for s()a])-inaking ijurjiosd^s, the potassium carbonate is 
mostly removed. The leached ashes, however, retain a high fertiliz- 
ing valius both on account of the small (piantity of potash which 
remains .aud also for the lime and phosjdioric acid which th( 3 y contain. 
There is no uniformity of comj30sition in the wood ashes whie.h are 
otfered for sale for fertilizing i)ur|)oses. It is necessary that each 
cargo be carefully sampled and analj^zed in ordc^r to determine its 
fertilizing valno. Farmers, in i)urcliasing wood ashc^s, sliould secure 
a reliable certificate of their composition, showing at least the per- 
centages of potash and phosphoric acid which they contain. The 
api)llcation of wood ashes to a soil not only supplies valuable fertil- 
izing ingredients, but also, in the case of a stiff soil or one deficient 
in lime, exercises a marked ameliorating effect in respect of its phys- 
ical condition. Land t reated liberally with wood ashes becomes more 
amenable to culture, is readily kei)t in good tilth, affords good drainage 
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in wet, and retains moisture in dry, seasons. lujurious iron salts 
which are sometimes found in wet and sour lands are either rendered 
insoluble by the ash and thus innocuous or even changed to beneficial 
forms. A good wood-ash fertilizer, therefore, is usually worth more 
than would be indicated by its commercial value based upon its con- 
tent of potash and phosphoric acid. 

FORMULA FOR POTASH FERTILIZERS. 

To one who has carefully read the foregoing pages it is hardly nec- 
essary to say that any fixed formula for a potash fertilizer is of little 
value. Where the field requires only an application of potasli t-o 
complete a well-balanced ration for the crop, it is extremely easy to 
apply the appropriate quantity of the crude or concentrated potash 
salt. In general, it may be said that it is more economicial to apply 
each one of the three essential plant foods separately as needed rather 
than to combine tliem into a single mixed fertilizer which sliall contain 
the proper proportions of each ingredient. On the other hand, it 
may be urged in favor of a mixed fertilizer that it (*an be purchased 
already prepared and one applic^ation will be sutri(*iciit. When it is 
considered, however, that not only the demands of the soil but the 
nature of the crop are to be regarded, it is easy to sei^ that tlie intel- 
ligent farmer who is aware of the needs of his fields is able to control 
the rations of the crops inoi’e accurately and economically by supply- 
ing the fertilizing ingredients separately. If, however, it bo d(‘sired 
to apply a mixed fertilizer, it may either be made on the farm from 
the ingrediiuits or piircliased ab*eady prepared witli a reliable guar- 
anty of composition. As an illustration of the method of pi’oparing 
a mixed fei*tiliz(U’, it may be said that if one is required containing 4 : 
l)(‘r cent of potash, and the ordinary commendal kainite be the salt 
from which it is to be compounded, it will require tJ40 pounds of the 
colli mereial kainite to give the re<iuired quantity in a ton. In like 
manner, any desired percentage of xiotash from the ingredient at hand 
may be comiiuted wiien the percentage of xiotasli in that ingredient 
is known. 


KINDS OF SOIL REOUUtlNG POTASH FERTILIZERS. 

Whether or not a given soil requires the addition of potash to 
secure its maximum fertility may bo dotermiued citlier by exjierimcnt 
or analysis. Whenever the total quantity of jiotash soluble in hot 
hydrochloric acid falls below 0.12 jier cent, there is reason for assum- 
ing the need of potash fertilizers. The nature of the crop is also to 
be taken into consideration, since a soil having enough x>otash to pro- 
duce a fairly good yield of cereals might have too little of it to yield 
average harvests of tobacco or beets. 

Soils reclaimed from marshes and vegotabh^ soils in general are 
deficient in potash. The light sandy soils used for growing early 
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vegetables, sweet potatoes, and melons are also unifomlj' deficient in 
potash. In both of these clmssos of soils the potash content soluble in 
hydrochloric acid often sinks to as little as 0.05 per cent or less. As 
the content of clay in soils increases it will bo found, in general, that 
there is a corresponding increase in potash, since both clay and pot- 
ash are derived from the decay of silicates. But oven in such soils, 
where chemical analysis reveals an aiiparcntly .satisfactory quantity, 
the addition of small quantities of soluble iiotash salts supplies the 
conditions for a marked increa.so in fertility. The progressive farmer, 
therefore, will not fail to test the requirements of his field for potash 
by instituting small experimental plats which will give unbiased 
answers to his inquiries. 

CONDITIONS NECE.SSAEY TO SECURE THE BEST RESULTS IN THE USB 
OF POTASH FERTILIZERS. 

The fertility of a field, in given meteorological conditions, is meas- 
ured not by its most abundant but by its weakest fertilizing princi- 
ple. The essential condition of the good results of potash when added 
as a fertilizer is that it completes a Avell-balanced ration. Only when 
the otiicr necessary ingredients of tho plant ration are present in 
proper proportions can it bo exi>ecled to H(K*ure, from added pota.sh, 
tho m^uiimum benefits. Unfortunately, this primary condition is too 
often neglected by our farmers, and so in one case we find them using 
a matei-ial which is already abundantly provided, or failing to secure 
its eir<'ets by neglecting the absence of its nece.ssary coworkers. Tho 
contractor who should uiulcrtalio to build a house and supply to his 
workmen nothing but saws is no more erratic than the farmer who 
would grow his crops with nothing but iwlasb. 

LIME AS AN ADJUNCT OF I'OTASII. 

It Jias bomi abundantly demonstrated that the beneficial effects of 
potash in tho soil are gi'catly affected by lime. Lime in this respect 
plays a double role, serving Imth as an indispensable food of the plant 
and as a most necessary adjunct in tho.se decompositions induced by 
biochemical action and without which plant nutrients could not 
assume their natural functions. It seems quite certain that in the 
decoD'position of manurial salts under the combined influences of 
bacterial and biochomic activity, the separated acids would exert a 
fatal influence on vegetation were they not at once neutralized by an 
appropriate base. The lime, existing chiefly as carbonate, supplies 
this convenient base. In other words, the ifiant juices, being acid, 
ab.sorb the decomposed base with greater avidity than the free acids, 
and as a result there is an excess of acidity of a mineral nature pro- 
duced in immediate contact with tho most tender parts of the roots. 
The great function of the lime in the soil, aside from its mechanical 
effects, is, therefore, to neutralize this free acid and protect the plant 
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i^TOin its injurious effects. It is certain that much of tlic acid thus pro- 
duced is unnecessary for plant growth and is permanently withheld 
from entering the vegetable organism. The nitric and phosphoric 
acids are retained only long enough to i)ermit of their x>ropor absorp- 
tion, while the carbon dioxide which is produced esciipcs to enrich 
with this constituent the soil gases or to finally find its way into the 
ambient atmosphere. 

The production of organic acids, as a result of vegetable mclabol- 
isni, also renders unnecessary much of the mineral acids witli Avhicli 
the bases found in plants are combined in the soil. The presence in 
a soil of a largo quantity of a base which can neutralize Iheso rejei^t-od 
acids is therefore an absolute condition of vigorous x>hint growtli. 

Further, it must not be forgotten that the addition of potash salts 
to llio soil causes, to a certain extent, a loss of lime. In the mutual 
reactions which Like place in the soil, alkaline silicates arc formed 
from the sulphaU'S and chlorides of the alkalies. A quantity of lime 
corresponding to these is converted into sulx>hates and chlorides, and 
is removed by the usual proccss<?s of leacliing. By computiition it is 
found that the addition of one hundred parts of kainito to a soil wdll 
cause a loss of at least forty i)aris of Ihnc, aside fj*om other quantities 
which may enter the ero];) or be changed in such way as to bo no longer 
valuable. It is therefore safe to assume that for every pound of crude 
potash Siili added to the soil thero will bo a loss of a corresponding 
AV(Mght of lime. A judicious addition of lime, tlioreforo, to a linie- 
]KK)r soil is a necessity when the best results of adding potash are to 
l>e secured. 

Tim addition of potash sjilts to a heavy soil, that is, one having an 
excess of clay, tends (/fteii to make it more i?nx)er\i()us and iinperine- 
ablc. In such Civses their use, even when the soil demands them, may 
be ?norc injurious than b<3nefi(5ial. Those unfavorable effects may be 
coniplotely prevented by the generous applicjation of lime. 

EFFECT OF POOH URAINACJE. 

IN^or drainage is sufficient to neutralize all the good effects wiiich 
may bo produced in a field by the application of needed potash. In 
this ease, as with other fertilizing materials, the proi)er culture and 
aeration of the soil are imperative. To apply fertilizers to a field 
saturated with water and deprived of means for its outflow is only 
a mark of poor judgment and a waste of good money. 

TUB BEST KTNI>S OF POTASH FERTILIZER. 

What kind of potash fertilizer is best in any given case depends on 
two factora, viz, economy and the requirement of the crop. In locali- 
ties where freights arc low, it is evident that the crude salts, as they 
come from the mines, are the most economical for all erupts, save such as 
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tobacco, grapes, etc., which require a special compound. In case 
the salt has to be carried to a great distance, and at high rates of 
freight, it is advisable to make use of the concentrated compounds. 
The kainite of commerce contains about 12.5 per cent of potash, while 
a high-grade sulphate will have 50 per cent. One ton of the sulphate 
will therefore contain as much potash as 4 tons of kainite. 

The actual cost of potash i)er unit is readily calculated in each case. 
If the kainite coKst $10 per ton, including fi^ighi, the farmer can afford 
to pay $40 for the sulphate, and will save the handling of 3 tons of 
material. In all cases the imice per ton of the salt should be consid- 
ered in connection with its content of poktsh. With the exception 
of tobacco, grapes, and a few other crops of minor inqmrtance, the 
form of combination of the potash salt is not important. For 
tobacco, the salts containing potash as chloride aj*e to be excluded. 
Suljdiate and carbonate of potash are the salts which the tobacco 
growers should apx)l 3 ^ In some cases, for intensive cult u re in gardens 
or pots, it is advisable to use the most concentrated jdant foods. In 
these instances the cost of the fertilizer is of little iiiix)ortaneo. Two 
salts representing a highly concentrated food are the phos|)hate and 
nitrate of potash. The comm(‘rcial i)otassium j)hosx)hate employed 
for fertilizing purx3osos contains from 30 to 38 j^er cent of soluble 
phosphoric acid and from 20 to 28 per cent of potasli. The i)uro salt, 
K 2 lfP 04 , contains 40.81 i)er cent of X)hos])horic acid and 54.01 X)er 
cent of x)otash. 

Since most crox)s require a larger quantity of potasli than of phos- 
phoric acid, it is seen that the use of commercial ])()tassium p]ios])hate 
would entail a loss of the former in order to secui*e a siinicient quan- 
tity of the latter. For instance, sugar beets requii’o three times as 
much and cereal croi^s nearly t.wic>e as inucJi potasli as xdiosjihorlc 
acid. If, therefore, this highly concentrated salt be em] 3 loyed for 
intensive culture, it should be suxiplonuinted by a considerable quan- 
tity of high-grade potash salt containing no phosx)horjc acid. Tf, 
however, the salt be ax)i3liod W a soil rich in available x>otasli and 
poor in phosphoric acid, the above objection to its use would not 
obtain. 

Saltpeter (potassium nitrate) is another examiile of a concentrated 
plant food. For intensive, culture, a mLxture of x)otassiiim phosphate 
and nitrate is an ideal ration, when it is desired to supply in a highly 
available form the three most essential elements of plant food. The 
high cost of salLpeter confines its use solely to experimental plats. 
Even when mineral salts, in the forms in which they are found in the 
ash, are supplied to jilants, it is doubtful Avhether they play any impor- 
tant role in vegetable growth without suffering decomposition. It is 
certain that the silicates of the soil containing xiotasli are decomposed 
by the biochemical activity of vegetable life, and there are many rea- 
sons for believing that when x>hosphate of potash is applied as a 
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is afterwards found in the ash, it lias, in transit, suffered 
a eomi^e decomposition and recomposition under tlio powerful agen- 
cies of \isegetable metabolism. 

INJURIOUS SALTS. 

Experience has shown that certain croiis are unfavorably affc<»tod 
by the^pse of crude potash salts, and that tlio cause of this injury 
residealn the potassium and other clilorides which th(»y eoiitain. This 
injury does not consist in a diminution of the quantity of tlie <ji*op, 
but in ifiS (piality. The tobacco plant is the most striking examphj of 
this iuHtience. Winui tobacco is fertilized with crude potasli salts or 
with the muriate, the chlorine contained th<u'ein is absorbed in large 
quantities and, on burning, an ash is obtained showing an i‘X(*ess of 
ehloridfs. By reason of the easj^ fusibility of the chlorid(‘s, the burn- 
ing properties of the tobacco arc gimily impaired. Some experi- 
menters claim that an excess of sulphates in the ash is also an 
injury, but authorities are not agreed on this. 

In like manner, lh«3 application of chlorides to \ ineyards tends to 
diminish the contenl. of sugar in the grapes, and thus iiiqiairs the 
quality of the wine. 

In the case of sugar beets, the use of highly chhu’inated fertilizers 
is of doubtful propriety, save on sand}’ soils, wher<» kaiiiito may bo 
most frOely used without f(*ar of injury. 

Potatoes also may have tlndr content of starch soimnvliat diminisli<Hl 
by a too free use of <*rnde potash salts containing larger (juantities of 
chlorine. 

On the other hand, it is quite certain that the kainite, \>hich is (*oin- 
Iiaratiyely poor in <*hlorine, may be sabdy supplementtsl b} carnallite, 
very rich in chlorine, for all cental and leguminous crops, while for 
tobacco and all sugar or root starch crops It is safer to employ th(‘ 
salts poor in chlorine. 

VIIESERVATION OF STAl.L MANURE. 

The Ibsses wlii(*li stall manure suffers wlien exposed without care 
for its Ooiiservatiou are well known. It is estimated that, in general, 
where Mo precautions are takcni nearly oiu'-third of the liumus-form- 
ing muif^rial in stall manure is lost before it rea(*h(\s tlu‘ field. For a 
fiill-grofwn steer or horse, this means at h^asl a loss of 2,000 pouTuIs 
of huiUlus during a year. Of the nitrogenous substain^es, in similar 
conditi|)ns, oue-quart(»r is lost, corresjionding to at least 200 poumls 
of chi|b saltpeter a year for each horse or cow. Calciilat(*d to a 
mouejjfk^alue, theses tigures mean a loss of o\or *5 a year for ea<*li full- 

growRimimal. 

The|p losses may l>e, in a great measure, ]>revented by (*overirig 
the stall manure with layers of earth or with earth mixed witli gyfisnm 
or cru||e potash salts. Earth covering alone, however, prevents very 
12 a96 0 
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little of the loss in organic substance, although quite efficient i||i,ii>iiitro- 
gen preserver. 

When stall manures are sprinkled or mixed with kainito^^the fer- 
mentative processes an^ partially arreste<l, the manure is preserved in 
a fresh state, there is little or no loss of organic matter, and the nitro- 
gen content of the mass sufTers hut little loss. 

By reason of the fact, however, that the stall manure is pl^erved 
from decay, it is evident^ that, it can not give its maximum benefit 
to the lirsti ci*op grown. If, for instance, the lirst crop grown after 
applying the fertilizer ho xiotatocs, and the next a cereal, Uiich as 
wheat or harle^^ the maximum effeet of the apidication of llie stall 
manure will be felt in the second crox). When an iiinnediate Weet is 
desired, therefon^ it is l)ett<M' to preserve iho stall manure hy means 
of superphosphate or a covering of earth, while if t he secondal^y elfect 
is of mon^ importance, the prevserving material should be kainite. 

Pra(*ti(‘al farmers should not forg(d. these facts io selecting materials 
for imeserving stall manure. Kainitc, howovei*, is inferior to carlum 
disulidiidc and sulj)huri(*. acid as a pr<‘8(‘rviiig agent.. 

Further, expculcuce has shown that, stall manures preserved with 
kainite an*, far more (effeet ive on light than on h<*avy soils. In a light, 
sandy soil stall manures ])resorved with kainite give a. far better result 
than when othoi* means of conservation are employ(*d. In light soils 
the decomposing iiiflueiKtes of aeration and attendant, b'nnentfttion go 
on much more rapidly than in stit!*aud imx)(‘rvious soils, and fortius 
reason the practically undocomposed stall manures which have been 
preserved by kainite raj)idly undergo f(*rm(*ntation and yield b) the 
l)laiit. those (*lem(*nts b(*st suit(*d to its rax)id evolution. 

It. hapjoens also that sandy soils are, as a vuh*, d(*li(*ient. in potash, 
and therefore the kainite used as a preserving material finds a direct 
appli’uition as a plant food in a locality where it is most neod^. 

Experi(*n(*e has furtli<*r shown that basic phosphatic slags, which 
are cheaper than siiperphos[)hates, are peculiarly w(ill suited to light, 
sandy soils, and this fact renders the use of superphosi)liate as a pre- 
servei* of stall manures destined for sandy soils less im])ortant. The 
practical farmer will see, from these facts, that foi* such soilsiho will 
rec^eive the largest retu rns by the appli(*ation of stall manure pi|^served 
by kainite, in conjunction with basic i)hosphati(*. slags. 

It is further to be noted that the preserving influence of the|^ainite 
is destroyed when the manure is diluted by incorporation with ^le soil, 
aud that the act ivity of Ihe ferments, whicdi had been sus])ei|jed by 
the application of the kainite, is restored aud invigorated byi^ixing 
with a light soil, affording a most abundant aeration. ^ 

THE PROPER TIME AND METHOD OF APPLYING POTASH FERT]|iIZERS. 

In the applic^ation of potash fertilizers, the farmer must ta^e into 
consideration, not only the character of the soil, but also thefiature 
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of the crop and the meteorological conditions likely to obtain. In 
general it may bo said that where excessive rains ari^ not expected 
it is better to apply potash fertilizers in the autuniii. In certain 
soils, potash, as well as other salts, such as sodium chloride and chile 
saltpeter, produce a kind of cementation or hardening whi(;h greatly 
interferes with the subsetiuent circulation of air and moisture and 
with the distribution of the r(K)Uets of the growing ci*op. This un- 
favorable condition is brought about by the hygroscopic nature of 
the added substances, wliereby each particle of salt attracts a suffi- 
cient <|nantity of moisture to thoroughly well the particles of soil in 
immeciiate contact therewith. On drying, especially in soils contain- 
ing certain ])r()portions of clay and sand, a t rue mortar or cement is 
produced. CYM’tain soils may become so hard by this means on the 
addition of large <iuaii titles of saliiu'* materials as to resist the blows 
of a pick. To smdi soils ])ota.sh salts should never be added in the 
spring, blit only in the autumn, wlnn-eby the cementation produced is 
usually completely disint.(‘gratcd by the wintm-’s frosts. The evil 
clfects ment iom^d aborts may also be prevented in most cases by the 
liberal use of lime, which, hy reason of its well-known propiu’ty of 
forming compounds h'ss likely to produce compact particles, will hold 
the soil in a fiorous state. 

It is advisable, tlionTore, to always use lime in conjunction with 
large qiianlitii^s of ])otash, especially in soils having a tendency to 
become com paid- and imxxu’vious. In intensive culture it is safe to 
use as niucli as t wo tons of kaiuitc per acre, if tloublc that- quantity 
of lime !)(' nddixl at the same lime. 

Wher<‘ only small (piant.ities of potash arc applied, as, for instance, 
a quantity rc]»rcs(mting *>() or to pounds of ]>ure potasli per acre, 
there is not much dnng(*r in apjilying it in the spring. It must be 
rcmomi)(*red, how(»v(M*, that, potash salts in <liroct coiitai'.t with sei^ds 
exert a retarding inllii(*nce on germination hy reason of their tending 
to absorb moisture, and ]>robably also from a slightly corroding or 
germicklal (‘tT(H*-t whi<*]i tlicy may ]>rodu<^c. (\are shouhl therefore he 
exercised in ajijilying tln^se salts to prevent, as far as ])ossible, their 
direct action on seeds of fisdilo vitality. In general it is advisable, 
however, in tlu^ spring, wherever practicable, to apply the fertilizer 
from two to four weeks before jdanting tlu^ cro]>, and to have it 
thoK)Ujchly distribut,(Hl through the soil hy tlic plow and liarroM'. As 
a rule^ top-dressing with potash salts is not to bo re(*ninmended, 
exceptTor meadows and lawns, and sometimes for the spring fcrtil- 
izatioliof cereals. In some cases, where the fertilizer has not been 
incorpDrated with the soil by i)revious cultivating, top-dressing at the 
t ime planting or immediately thereafter is advisable. 

Top-dressing is also necessary in those cases where it is not advis- 
able te apply the whole of the fertilizing material at once. Espe- 
cially in the cultivation of sugar beets and tohaciu) is iti <lesiral)le to 
applym final portion of the potassic fertilizer in the ciirlicr x>eriods of 
cultivUtion. Top-dressing with potash salts, it is easy to see, becomes 
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useless unless the material is carried down to the rootlets Ipy-heavy 
rains or deep cultivation. Tn top-dressing, the salts should be^^pplied 
in as fine a state of subdivision as possible. Good judgmeilt and a 
wise adaptation to local conditions are as necessary in potaafe fertil- 
izing as in other agricultural operations, and any attempt to fix rules 
for guidance in all cases would be useless and misleading. 

INDIRECT EFFECTS OF POTASH SALTS. 

In the foregoing pages tlie uses of potash as an essential and indis- 
pensable plant food hav(^ l)een briefly notcHl. It has been seen that 
without the aid of this food no plant can make a normal growth or 
reach maturity. There is no other mineral substance or combina- 
tion of such substanc(^s that can act as an a(*(*optablo substitute for 
it. There are, howeveu*, many indirect effects of potash salts which 
muvst not be overlooked. Some of those have already been noted, as, 
for instaiH^e, the tendency in (*(‘rtaiu (*ases to form concrciio masses 
and to retard the gerininalioii of seeds of low vitality. There are 
other indirect effects of those salts which are not iiijiirioiis, but, on 
the contrary, advantageous and worthy of noti('(\ 

(CONSERVATION OF SOIL MOISTURE. 

The hygroscopic natur(M)f these salts, already noted, serves to keep 
the soil moist, and thus, in seasons of <lrought, II may help H(‘Cure for 
the crop a more abundant. snj)ply of water. 11iis property is fully 
illustrated by determining the moistun* in two samples of the same 
soil, one with and one without potash salts. In data secur(3(l in one. 
instance, at different tiiiu^s, the <]uantities of moisture found in the 
two sampl(3s were as follows: 

Without 
kainito. 


Percent a f 
nwibturc. 

15 
1.8 
1.3 
1.9 

Fj'Oiu the above table the marked differ(ui(‘(^ in moisture in J^he two 
samples during the summer and autumn is ([uite instructive!. It is 
true that a soil impregnabMl with kaiiiite Avould give up its n^isture 
less readily to a growing plant than one free of that salt, but ^ere is 
no doubt that a soil containing kainite, with 1.‘3 i)er cent moistur(>i 4 f;Woiild 
be able to supply water to a plant more readily than a soil free of 
kainite and containing only 2 j)er cent of moisture. 

INFLUENCE ON DECOMPOSITION OP MINERALS. 

The influence which potash salts exert on mineral matters Jeft in 
the soil has already been noticed, by the double de(3ompotitions 
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whioh they form with the lime and other bases locked up in silicates, 
they tend to promote the decomposition of those bodies, and thus to 
add large quantities of mineral matters, including potash, to the 
available stores of the soil. This favorable action of potash salts is 
one which should be considered in making a summary of the indirect 
action of potash fertilization. This solvent action is not shared by 
potash salts alone, but soda salts may also sociiri*,, to a certain (i:xtent, 
the same result. For this reason, it is quite i)robabl<^ that the claims 
which have Iw^en made by many, to the (dTcct that soda may replace 
potash in agriculture, have been based on the sol vend, action of the 
soda setting fr(!(^ additiojial quantities of potash Avhieh liave ))o<^ome 
available^. I'liis solvent action, howev'or, may not. in all eases be 
advanttigeons, inasinu(*li us the de(‘.omposition may b(' so extended, 
when combined with the absorption of the sepai-ated basc^s by the 
plants, as to hviv(* the acids witli wlii<h the bases were originally 
combined in a free* stab* iu tin? soil. In this way, unless an excess of 
calcium (*arbouat.e be ])rcseut, tin*, free acids may exert an injurious 
effect. 

rROTKITION A<4A1NST FROST. 

It has been noticed that tin* liberal iipplieation of potash fertiliz- 
ers, espc(*ially tlu^ (*rudc salts, lessens to a <‘(*rtain extent the injuries 
which th<* crop may sulbu* from frost.. This is an item of considerable 
importan<*o, es])e<*ially in the case of tobaec'o, wliieh is often great ly 
injured by fi’ost in the (*,arly antninn. The cause of the ])roteetion 
which kainife, for instan<*e, offers to planls against frost is found in 
two Hoiirc'cs. In the iirst i)la(*e, on account, of the hygroscopic nature 
of the salt tin* moisture of the soil is more si^eurely hold and there is 
a less rapid (*va])orat ion. One of the prime eouditioris of tin* forma- 
tion of frost is a rapid eva])oration and (*onse(juent cooling of tlie sur- 
face of the soil. Anything which prevents this, of course, tends to 
diminish the intensity of the frost. In the se(M)nd cas(s the presence 
of a potash f(*rtiJizer ])rodn(H*s a mor(» luxuriant vc'.gelation, ajul tlius 
secures a inore pcrf(»<*t coA cr of t.ln^ soil, affording in this manner a less 
rapid eva])orat.ion. Thest* two causes eombim^d undoubtedly have a 
tendency to diminish tlu* daiigtu* from frost t.o which a crop maybe 
exposed. 

RETARDATION OF NITRIFICATION. 

The addition of larg<' quantities of potasli salts to a soil has a ten- 
dency in certain (*as(‘s to retard the process of nitrification, which, 
as is Well known, does not proceed as vigorously in solutions of <ier- 
tain salts. Tlu^ iiotash salts in this (?aso exercise something of the 
same influence, as will be mentioned below, iu acting as a germi- 
cide. ' It is not dilTimilt to see that in most eases tliis action would not 
be prejudicial. On the (*ont.rary, where there is a tendency to the 
overproduction of nitric acid by a too vigorous action of the fer- 
the presence of potash salts would be beneficial. As a rule, 
hawwer, it must be confessed that this retardation of the process of 
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nitrification is to be avoided as much as possible, and this rntm he 
secured by a moderate use only of potash fertilizers. 

POTASH SALTS AS INSECTICIDES AND FUN<HCIDES. 

The property ]K)ssessed by large quantities of potasli salts pre- 
venting the ravages of insects and the occarrenec^ of (*ertain diseases 
has long been noticed. It luis been shown that in the case of (Cotton 
the leaf blight is largely if not. entirely prevented by the free use of 
kainite, and at the same time the yield of cotton is in(*reased. It is 
(daimed by some entomologists that ixdash in large iiiiant ities is effeet- 
ive against j)lant lice of all kinds and against any naked larvae and the 
wire worms on potat.oes and <*abbages. Its gr(*atest usefulness as an 
insecticide is said to be with those ]>ests that live in the ground and 
around the roots of the plants. The retarding effecd. wliicdi potash 
salts have on germination is more than <*ompensatod for by tluur etfect 
upon cutworms and other inse<*ts which inf<‘si. jdants at tin* period of 
their germination. Jt is believe<l that kainit(‘ is the besl form in which 
potash salts can be used when their insecticidal or disease^-]) re venting 
properties are to be considered. It must be nunembered, in (^onnec*- 
tion with this statement, that it is not tlu^ universal e\])orience of 
entomologists that kainit(^ is a suc(*essful insect i(*id(‘. It. p7t)bably 
varies in its aidion, and in all cases whor(‘ used for insecticidal pur- 
I)oses it must be applied in larger quantities than would Ik^ necessary 
for its merely manurial value. The weight of authority, however, is 
perhajis in favor of the use of kainite for tlu^. ])ur])oso nuuitioned 
above. Attempts to <*ontrol or prevent. ])each yellows by the use of 
kainite have shown it to have no value for that J)urJ)os(^ 

SUMMARY. 

1. The potash used in fertiliz<*rs and found in tin' soil lu^S ])een 
derived from the decay of minerals containing it as an ingredient, 
and ch icily from feldsj)ars. 

2. During the progress of weathering, a portion of tlu' ])()tesh in 
original rocks becomes solu])le and is lost by lixiviation. As;*a. JTile, 
about 25 per cent of the potash finds its way by this im'ans i^to the 
streams and seas. 

3. There is usually a less percentage of potash in the finer particles of 
soil than in tin? coarser particles, and this is dm? to the fact, that the sol- 
vent action of watei* is more strongly exert.(*d upon tin? finei* particles. 

4. The potash is (|uitc evenly distributed both in the soil arifj sub- 
soil, there being only a slightly greabu* proportion in the i^eeper 
laj'ers, doubtless duo to the fact that they have not been so thor^fughly 
leached. 

5. The solubility of potash in tlie soil is very diff(u ent for di|Eerent 
solvents, being the least for the weak organic? a(?ids and greatest for 
the strong mineral acids. Hot hydrochloric acid extracts froi3^ the 
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soil about 20 per cent of its total potash content, which is alK)ut thirty- 
two times as much as is removed by a 1 per cent citric a(dd solution. 

6* A fertile virgin soil contains about 2 per cent of total potasli, or 
about 70,000 imuncls per acre taken to the depth of 1 foot. A (u*op 
removing 50 pounds of potash a 3^ear could bo grown couseemtivoly 
for about one thousand four hundred yoai-s ou such a soil before 
exhausting all the potasli whicih it contains. 

7. The soil retains a certain <piantity of fertilizing material with 
such tenacity as to render it jiractically impossible for plants to with- 
draw tlie whole of if, thus iirotecting the future against the rapa<*ity 
of the present. 

8. The quantity of iiotash removed by various crojis per annum 
varies great ly. The largest quantitic^s arc removed by beets, and the 
smallest (piaiitities by (jercals and cot Ion. Th^ets may re-move as 
much as 100 pounds per acre, cereals about- 30 iiounds, and (*otton 
about 23 [louiids for the avi^rage crops as produced in this country. 
In Germany, bei^ts grown for forage remove often over 200 pounds 
of potasli p<H* a(‘.re from the soil, elover hay about 74 pounds, and 
tobacco the same (piantity. 

0. Toba(*co contains a larger jiroport ion of ]>o1ash than any other 
eominfOn crop, viz, about 40 parts jier thousand of the dry h^av^es. For- 
age l>e<ds eontaiu 35, potatoes 20, sugar iM‘ets is, elover hay 10, lieans 
13, and centals 5 jiarts per thousand. 

10. Ther(» is about four times as niindi potash in the straw of cmvals 
as in tlie grains, while in peas and b(^ans tlie jiroportioii is about as 
two to one. 

11. A soil whi<*h yi(dds about 0.(>1 percent of potash to a 1 per <‘ent 
citric acid solution and contains about 0.30 pin* cent soluble in hydro- 
(diloric aei<l does not usually nee<l a potasli fertilizer. 

12. Tln^ ])otash salts whieh supply the iMiinniennal potash fertilizers 
of the world liave been deposited as tln^ result of tlie (evaporation of 
saline lakes chargiKl with potassic materials. 

13. The commercial potash of the world is derived almost, exelu- 
sively from the neighborhood of Stassfurt, in Germany. Tlu^ (piaii- 
tity of (?rud(^ salts annually miiuHl is about tliree-cpiarters of a million 
tons, worth nearly three million dollars. 

14. Th(e high-gradii commercial salts used for fertilizing purposes 
are miinufa(*turod from the crude salts, and are to be prcfernsl when 
shipments are made to great distances and at high rates fif freight. 

15. ,The priii(*i|)al (*rude potash salts used for fertilizing purposes 
arc kK/inite, containing 12.5 pin* (*eiit of potash, and caruallite, con- 
tainiilg 9.9 per cemt. 

10. <Toba(?co waste, cotton-sei^d hulls, and wood asln^s also furnish 
iiupolStant (piautities of potash for fertilizing purj)os(‘s. 

17. Recovered marsh or swamp lands and lands (*ontainiiig large 
(piaiilitics of sand in^ed, almost universally, potash fertilizer. The 
peiwitage of potash in soils usually rises with theji: content of clay. 
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18. The maximum effect from fertilization with potash is 
only when other plant foods are supplied in such a way as 
a well-balanced ration, and where proper methods of culture are 
employed. 

IJ). Lime is an important adjunct to potash fertilization, ai!iiA,aiS a 
rule, should bo added to a soil in large quantities wherever pot^h is 
applied. 

20. The best kind of potash fertilizer is determined by local condi- 
tions, freights, and tlie nature of the soil and crop. Fortilizens con- 
tain iug considcu’able (juaii titles of chlorine should never be applied to 
vineyards and tol)ac(?o fields. 

21. Tn intensive pot or garden culture, where highly concentrated 
plant foods are desired and where tlui <‘.ost of the fertilizer is -unim- 
port^ant , imtash may be api)lied in the form of phosphate or nitrate. 

22. In some soils potash salts, in common with other saline bodies, 
prodii(*.e injurious effects by rc^ason of their hygroscopic nature, 
attracting moisture and, on drying, producing a (cementation of the 
soil, which renders it impiu’vious to water and impenetrable by the 
rootlets of plants. 

23. Crude potasli salts (can be appli(‘(l with berudit in the preserva- 
tion of stall manure, but tlnnr value for this juirpose is p^haps 
overestimated. 

24. Potash f<u‘tilizers should, as a mile, be appli(cd in the autumn, 
or at leasti from two to four wimks before ])lanting, and should 1 h^- 
thoroughly woi'ked into the dimpccr part of the soil in order to come 
int-o contact with the I’ootlets of the plant. 

25. Tlie germination of seeds, esi)ccially if tlucy have a low vitality, 
is retarded by bringing them into direct contact; with ])otash salts. 

2G. The appli<cation of crude potash salts to a soil which is not 
easily (cemented may b(c useful during a dry s(‘ason by r(‘asoii of their 
p(wer of attraeting and holding moisturtc. 

27. Potash salts favor the decomposition of mineral particles in the 
soil, and thus tend to add to the stores of })lant food tlicu'ein. 

28. The application of crude jiGtash salts to th(» soil tends to protect 
the crop from frosts by prevemting the too rapid evaimration of mois- 
ture and by i)rodu(iing a more luxuriant foliage. 

21k The too abundant application of potash to tine soil may become 
injurious by reason of the retardation of the process of nitriti^Rtion 
which it produces. 

iJO. Crude potash salts, esp(^cially kaiuite, when added abuii(|autly 
to a soil, arc said to act, to a certain extent, as an insecticide^ or a 
preventi\’e of disease, and when mix(Ml with stable manure a(5lk as a 
preservative by checking the activity of the denitrifying ferments. 

31. It is impracticable to give formulas for the preparation of^ fer- 
tilizers (Containing potash, since both the quantity of potash to bevRsed 
and the form in which it should be applied are determined byloeal 
conditions, which ijan not bo taken into account in the jiroparatinwa of 
directions for^^rose of fertilizers. 



SOMK COMMON POISONOUS PLANTS. 

By V. K. Chesnut, 

Aasiftiaiit, of Jioianif, U. S, DejKiritiKOtf of A(jriri(ltt(r<\ 

(iENERAL REMARKS. 

The plants eomiuoiily looked nj>on as poisonous are those which 
through general experience, history, or tradition liave lung heen 
known to i)roduc<>i some ill efToct u])on animal life. I'lie number 
recognized in any country tends, thendore, to be i)roport ional, not only 
to the variety of its flora, but also to the antiquity of its civilization; 
and the x)oi)ular estimation of the virulence of any particular iflant 
depends in great, measure upon Die number of its victijus as well as 
ui)on the rapidity and Adolen(*e r>f its etfe(*ts. Tlu^ literature of these 
plantsis filled with allusions to species growing in llindoslan and the 
Greek nnd Roman provinces, ami history teaches hou certain species, 
such afii tlu^ I)ea<*h (for its jiits and leaves) and the hemlock, came to 
bo especially dreaded by tin* an(*ients on account of their exttuisive 
use in putting state <u*iminals to death. The literature of Europe 
contains the name.s of over three huudrial and fifty plants which, in 
that quarter of the globe, lun^e been known to ])roduce ill eiTe(*ts 
ujKm man or animals, while in North America tlicre an* only a few 
which have b<*en g(*iuM‘ally recognize<l as ixiisonous, and these grow 
mostly in the eastern and more thh^kly settled half of the continent. 
Very little is known concerning those which are native to the region 
west of the JMississippi Riv(*r. Those (‘hie fly reported in the news- 
papers throughout the United States an* poison ivy, the so-(*alle(l 
“ wild parsnip,” and eeilalu fl(*shy fungi eommonly known as toad- 
stools. 4 It is true, liowever, that a considerable nnnib(*r of [flants 
should|!f'at least provisionally, be ranked as ])oisonous in tiio flora of 
a compiaratively new country, such as the irnited States. It is a fair 
])resuUli)tion that every plant is poisonous which is very closely J*e- 
lated tf a species rocogniz(?d as virulent in other countries. It is pru- 
dent, glso, t.o suspect all plants popularly supposed to ]>]‘oduce ill 
eflfectfif regardless of the results of analyses hitherto made, for the 
(ihemidal and biolcjgical investigation of plant poisons is as y(*t. too litth* 
advanied to furnish conclusive data in all cases. 

Th<^ are several causes which tend in th(^ TTnited States and 
elsewlltere to an underestimate of the number of poisonous plants. 

187 
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In the absence of statistics, objection is made to an increase in the 
number of ill-reputed species for msthetic reasons, and on the|^und 
that plants exist for <*pnsumption by animals, and can not therefore 
be poisonous. These ideas are wholly without scientific foundation 
and are deplorably misleading? ; indeed, instances might be cited Where 
men have nearly saorifi(*ed their lives in attempting t.o verify the sup- 
posed innocent nature of certain plants which authorities have de- 
clared hajmless. Yet, it is imx)ossible to refute these ideas all at once, 
on account of the apparent uncertainti(^s and contradictions which 
the subject presents to the novice. A full acquaintance, however, 
with the preparation of drugs and with th(iir action winm animals 
removes many of these uncertain fa(*.tors. 

It is characteristic of organisms, both plant and animal, that their 
elements are slowly but constantly undergoing chemical cliunges. 
During health these changes take pla(*(i nat urally and alford lioat and 
nourishment. In sickness they take jilace with greater or ]ess fapi<l- 
ity, according to the (ihemical natnre of the comi)ounds involved in 
the diseasts and are modified by the jiropcr aj)X)licati()n of drugs. 
Poisons difPcr fi‘om foods and medicines mostly in the rapiditjr, but- 
also to some degree in the (diara<^ter, of the chemical (*hanges which 
they ])roduce. Thi^y are therefore to be i*onsider(Hl as siibstanc^es 
which are unstable or extrenu^ly liable to (?hang(\ This fact has 
always been recogjiizcd to a limited extent by expert s, but it has only 
soniewliat recently become known that certain plant f)oisoiis are 
dc^stroyed even by tlu' addition of ah^oliol, or by simply luxating to a 
temperature of OO^ (^. Thus, the poison is subject to destruo^on in 
the process of analysis. Further than this, it may not existin the 
part analyziHl; and, moreover*, th(‘. amount variivs great ly in tli© same 
siiccies, according t-o climate and the conditions of soil and seawon. 

Agai]i, the susce[»tibility of animals diiTers greatly. Some am little, 
if at all, aflected by poison taken in quantities whi<*]i, judgiiig from 
the effe(*ts jiroduced on others, should (?ause instant; death. TWs may 
be due t y difler«*tie<‘s iii pliyaiologuial fuiicl iona, iu eharacler <3f fooci, 
or iu natural or ae(|uired liabita. It is well known, for exam^te, that 
large (luantlties of (Hjrtaiu poisons, sueh as strychnine, opihpi, and 
arsenic,, can be taken with impunity by man after the h»ng-co1|^inued 
use of small doses. May not this cu<lurance of certain auimnl%be ex- 
plained on analogous grounds ? Other factors whuth dcdermiri^iffer- 
ences of action are age, sex, temperament, and idiosyiiei-a^'; the 
latter explains why strawberries are poisonous to some imlividlKais. 

In the widest s<nise, therefore, all those plants should be ela||»ed as 
poisonous which have ever produced ill effects aeeidentally, ^||4 not 
those alone which tlio combined knowledge of the botanist, the cl|>iiU8t, 
and the animal expert has proved to be such. Especially |^onld 
this view be taken in a new country, and iu the ease of plants^kely 
to tempt the appetite. By this cautious attitude the dangerous ^imts 
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can bes' ascertained and antidotes be determined without repeated 
saerifieie of life and property. 

Chemistry has already rendered much service in explaining the 
obscu^ behaviorof some of these poisonous plants, and it is believed 
that recent discoveries will point out Ihe true character of some spe- 
cies which have hitherto baffled all scientihc ])rogress. 

POISON IVY. 


The poison ivy {Rhus 7 xi(licaits) occurs abundant.!}^ throughout 
the United States east of tlie (ireat Phiiiis, and in gr(‘ater or less 
abundan(j(^ throughout the h^ss 
arid regions of the West, with tlie 

exception of CUilifornia, where it 1 1^ H 

appears to l)e entirely wanting \ \\¥ s 

in alHocalities. It growls every- f \ ^ J 

whore in the open brush, in ; m iraw 

ravines, and on the borders of ( ^7 

woods, and it s[H‘eads along road- > 

sides and cultivated tields from \ ' * >| / 

seeds carried by crows and olhor - — - V ^ - / 

birds Which feed upon its fruil. > : — ' } 

It is generally a climbing vine, ‘ 

Imt if no suj)port is at hand it jj ' 

either trails along the ground or j / \ 

sends tip short v<*rti(*al shoots. / /l \ \ 0 y 

(Kig. 24.) / _ 

Besides one n(‘ar W(‘sti‘rn rel- ^ ^ 

alive, which is almost as poison- ^ 
ous, there are no other ])lunts 
Avliich rt\semblc it closely (‘\eept- ^ 

ing the' noiipoisonous box elder, 
the lea^c^s of wlii<di bear a strik- \l j¥ 

ing resemblance to those of th<‘ 

Fui Jt,\ -Vov^KmWY KUhnaradicmiH) 

ivy. it is only in its s<*edlirig 

stage, ]|ow(‘ver, and wlien growing along hedges, that the box elder 
could IN) taken foj* ivy. 1'he Virginia cnM']>er, also iionpoisonous, is 
sometiHies mistaken foi* tin*, poison ivy, but it is easily distinguished 
by hating live, instead of three, leadets, all of whi(*h spread out. from 
a comliou imint, like the fingers of tlie hand. 

Perlgips no plant is more ]K)pularly recognizi'd as harmful than th<^ 
poisomivy. Its effects upon the human skin are familiar to everyone, 
and a^lits victims far outnumber those of all ether speedes eoiubined it 
liascoailie to be regarded as the ]>rineipal poisonous plant of America. 
Some iDf its other common names are poison oak, poison vino, and 
merctliy- Its nearest relat ive is a plant known to botanists as Rhus 
dimfwiloha (fig. 25), which grows in similar situations at low altitudes 


Fuj .«} -l^oi'^onwy {Khun rtulican*() 
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throughout the Pacific Coast from Lower California to Cauflla'^Rd 
northward. Western people call it poison oak betjause the -lieaYW? 
tliough very unlike those of the common Eastern oaks, bearisia con- 
siderable resemblance to the common specues of the W est. Tb#4©aves 
differ in size, as well as in shape, from those of the poison ivy. Banked 
together in the same genus are two other poisonous plants, which, 
although they produce the same effect upon the skin, are yet totally 
different in their gross appearanc(‘, being thus mote closely allied to 
the sumac, or nonpoisonous specie's of the groui). Only one of these 
is at all common, and tliat is the jtoison sumac*. {Khus vernix)^ which 
is found growing in swamjts from Florida to (.anadaand westward to 

tlio Mississippi Valle 3 \ It is a 
shrub or small t ree, 0 to 18 feet in 
height, with long ])innate leaves 
having from 7 to 13 smoothly pol- 
ished leafl(diS. It is also commonty 
known as “ pohson dogwood,” “ poi- 
son ash," and “ ])oison elder.” 
(Fig. LM).) Tin* other poisonous 
sumac* {Ritas nurlttittjcit) is a rare 
shrub, recently rediscovered in 
North Carolina. 

Po i s( )i 1 i vy h as 1 on g Ix'on regard ed 
by the ignorant witli a degree of 
awe akin to superstition. No one 
was able to tell how it ]m>dwed its 
(‘ffccis, and wh,y it attacked some 
X)eoplc and noti oi hers. Mysterious 
X)rinci[>lcs were relied upon to ex- 
l)lain the plnmomcua, and up to the 
prcs<mt time the (ro in mou belief has 
Ix'en thattho x)oisononsconStituent 
was r(*all}^ an cxliaJation fiDm the 
jdaiit. In the lattc'i* jiart of the last 
cent.uiy it. was so r<‘gardcd^ by the 
expert; then, as our knowledge of jdant chcmistiy advanced i$op bj" 
step, bj was attributed more concretely t o a 8pe(*ific gas, a volatile alka- 
loid, and a volatile acid like formic acid. More recently- st.ill, b|N^tei*ia 
have bcjeii accused of causing the affection. P^xxieriments have (fcemed 
to verify these ideas in turn, but the falsity of all has at last been proved 
ly the discovery of a more tangible compound. In January^ 1895, 
Dr. Franz Pfaff, of Harvard University, announced that the poison 
is in reality a nonvolatile oil. Numerous experiments Imve bedH per- 
formed with tlie i;)urified oil, and it has be(*n shown to producie epi.ctly 
the same effects as the plant itself. Dr. l^faff has called this sub<||feance 
toxiqodendroL” It is found in all parts of the plant, even % 4)he 
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wood after long drying. Like all oils, it is insoluble in water, and 
therefore can not be washed from the skin with water alone. Ah'ohol 
dissolves it readily. Alkalies saponify it, and thus render it inert, but 
this result is more easily obtained by an alcoholic solution of the sugar 
of lead (lead acetate). Numerous exiieriineiits sliow that when the 
smallest amount of this oil is applied to the skin it is veiy gradually 
absorbed in the course of a few days, and that within (iertain limits the 
longer it remains upon the skin the greater will be the effect prodii(*ed. 

In an experiment performed by the writer at the l)e})artnient of 
Agriculture tlie oil was applied to four spots on the wrist and care- 
fully kept from spreading to other parts of the body. At- the end of 
an hour one of these spots was well washed with successive tre^at imuits 
of pure alcoliol; in lliret‘ hours 
another was waslu^l clean in tlie 
same manner; the other two were 
allowed to remain three hours 
longer. Tlie effect produced on the 
first spot, was very slight; that on 
the second was more marked, but 
did not equal the (dfect i)roduc(‘<i 
on the other two, \vhi(*h was about 
ocpial. ’’riu^ atIVeted places were all 
within an inch of eH(*h other, but 
all remained wholly distinct, a cir- 
cumstance which very clearly shows 
that the affection is not spread 
through the agem‘y of the lilood. 

SubseHiueiit api)lications of an alco- 
holic solution of the sugar of lead 
gave imimaliate and permanent, 
relief. In ])ra(*ti(*e it. is not desira- 
ble to use strong alcoliol, Avhi<*h is 
apt to be too irritating to a sensi- 
tive surfa(*(‘, but. a weaker grade of 
fmiii SO to 75 per cent, should be preferred, ami t.o this the powdered 
sugar Of lead is to be added until no more will dissolve. The milky 
fluid should then be well j-ubbed into the affected skin, ami the o])er- 
ation i^peated several times during the course of a few da^^s. Tim 
itching is at once relievcHi and tlu^ further progress of the malady 
is chedeed. The remedy lias been tried in a large number of cases 
and has always proved successful, but it must Im‘ remembered that it 
is itself a poison when taken into the mouth. 

Poison ivy being so great a public nuisance, it is strange that no 
legal measures have ever been carried out to suppress its growth. 
Municipalities iiroteet their peoifle against diseaseii food by the 
appointment of inspection agents, and farming communities defend 
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themselves against the ravages of animals by bounties. Whyiafe^uid 
not this plant in some way be provided against, especially tliafc 
its poisonous nature and its antidote are so exactly known? 
would be accomplished if the owners of suburban places of 
resort were compelled to weed out the vine from their premise$* Tlie 
regulation might also be made to covei* its destruction along the 
country roadsides. 

THE AMERICAN WATER HEMLOCK. 

The American species of water hemlock {Giruta vmculata) is by far 
the most virulent plant native in th(> irnited States. (Fig. 27.) It is 
found gj'owing at low elevations, along streams and ponds, and in 
marshy ground throughout the eastern portion of the continent, not 
extending apparently very far west of the (Treat Lakes. It is peren- 
nial in duration and grows to a height of from 4 to 8 feet. In some 
I'iver marshes it is so extremely abundant that in early summer 
the landscape is whitened by its bloom. It. belongs to the well- 
known i)ar8ley faniily, and may easily b(' distinguished by its fasci- 
cled, 8pindled-shai)ed roots, which ar(^ from 11 to 3 inches in length, 
and by the trelliscMl structure of the uud(*rground portion of its 
main stem. Both of these pai’ts are strongly impn^gnatc'd with a 
yellow, aromati(‘, oily fluid, which has an odor resejubling that of 
the parsnip. A few of tlie (‘ommon names by which tlio plant is 
known in various Iocaliti('S are, water hemlock, wild liemlock, beaver 
poison, musquash root, muskrat weed, covvbane, and children’s bane. 
It is frequently mentioned in the newspapers under the ernmeous 
name of ‘‘wild parsnip.” The plant is closely allied to tlie less com- 
mon and somewhat less virulent poison hemlock {C()n'ni}iivi(ir-ulat%int) 
with Avhudi Socrates was put to death, but it has seviu'al nearer rela- 
tives equally iioisonous with itself, virosa^ the speci(3S which 

is particularly dreaded in Eurojie, probably does not o(*cur in the 
United Slates; C, hulhifvra is found from Indiana to Delaware; C, 
vagans in Washington, Oregon, and norllierii ("alifornia, and ( 7 , hoUin- 
deri in (California. All grow best, in damp, marshy places, and closely 
resemble one another in external appi^aranci^ and toxic properties. 

The victims of these plants are (diiefly but not exclusively herbiv- 
orous animals. The underground portions an^ the most poii?K>nous, 
and as these are often wasluMl, frozen, or dug out of the soil 
winter and (^arly spring, they ai*e sometimes eaten by children ||>nd by 
animals, the former mistaking the root.s of the American wate^ hem- 
lock for horse-radish, parsnips, artichokes, sweet cicely, or other^cdible 
roots, the animals eating the various kinds because they are f^mong 
the first green subst ances to ap[)ear in the spring. In mai\shes where 
any of the species is abundant, cattle are also said to be poisoned by 
drinking the water which has stood in contact with roots tlia^have 
been crushed by being trampled upon. The poisonous consti^aent 
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resldiesin tho aromatic oily fluid already mentioned. Thin fluid has 
not been thoroughly analyzed in the case of the Aincn-ic^an water hem- 
lock^ but it is highly probable that besides conine all the species con- 
tain eicutoxine, a resinous substance which is (diaraideristic. of the 
water hemlock of Europe and is much more poisonous than the alka- 
loid conine. Cicutoxine was discovered in 1875, and has sin(*e been 
shown by animal experimentation to i)rodnce the same symptoms as 
the plant it^sedf. 

No estimate can be made of the amount of damage done to live slock 
by these various sjXHdes, but it is not insignifi(*ant. The human vic- 
tims of the Ameri(?aji water hemlock probably average a <*,onsideiable 
niimb^n* i)er annum. In the 
State of New Jersey aloiu'* 
two quadruple ceases of poison- 
ing were reported during the 
spring of 18 <.h;, whieh resulted 
in the dealh of two individuals. 

Falck, a (h‘rman authority, re- 
ports a 45 ])er (‘ont fatality iu 
thirty-one <^as(\s of water-hem- 
lock poisoning ocmirring in Eu- 
rope. 

The symptoms of poisoning 
arevomiting,C()licky pains, stag- 
gering, unconsciousness, gnash- 
ing of the teeth, and frightful 
epileptiform lits, oudiug in 
death. As no (*hemi(‘al ant idote 
is known, the treatment must 
consist in a thorough cleansing 
of the alimentary canal and in 
combating th(‘ symptoms as they 
arise by the us<‘ of chloroform, 
chloral, and such agents as seem 
to be indi<*ated ati the time, Amoncau water hemlock (Cfruin inaru- 

Herbivorous animals whieh have ^ 

swallowed a suiri<deut dose generally dit', but they are sonudimes 
saved by two or three doses of nudted lard, wliieh tends to retard the 
absorption of th(‘. poison in the stomach, and also facilitates its expul- 
sion through the intestines. 

One eas(^ will show the general nature of the symptoms. At Hound- 
brook, N. J., in March, 189G, two boys and two girls, while returning 
from school for lunch, stoi)ped to look at some worknum digging a 
ditch. One of the girls spied some water-hemlock roots which had 
l>een thrown ont of the ditch and which she took to be horse-radish. 
More were soon found by the others and, as they proved somewhat 
agreeable to the taste, all ate of them to a greater or less extemt. 
After arriving home, but before finishing lun(‘heon, one of the gijJs 
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was taken violently ill with dizziness and nausea, and was iibii 
convulsions. A physician was summoned immediately, but tfiie'gifl 
died shortly after his arrival. The others wore affected in the '«M5We 
way but not ho violently, and they were finally saved by lAtfHful 
treatment. The species was determined from si)ecimens sent -lo the 
Department of Agriculture and from plants grown from these itkits, 

THE DEATH CUP. 

The death cup {Atndhifa jthallokles) is the most poisonous of all th^ 
fleshy fungi. (Fig. 2S.) It is found in sumimu* and autumn thiH>agh<^ 

out the greater x)art of the XTnite<l states, 
growing ujam the ground in the woods at 
medium and lowcu’ elevations. The stem 
is wdiite. When young it is solid, but 
afterwards it b(;e(>ines somewhat hollow 
and pithy. The bast* is surrounded by 
a (iharacterislic cup-shaiKMl appendage, 
the remnant of a veil wliieli eov’^ers the 
ent-irt^ plant wdien young. Tlio length 
varies from to 5 intdies. The caj) is 
viscitl when moist, arid is generally smooth 
and satin}^ but it may sometimes bear 
fragments of the outer (‘overiiig, or veil. 
The gills and spores are while. Several 
varieties of the i)lant exist,, the one most 
common liaving a white or yellowish cap; 
but this may be green or t^veii spotted 
wdien growing in <leep shade. The gen- 
eral shape is much like that of the CM:)m- 
moii musliroom. It is also like that of the 
fly Amanita (Ammufa inuscaria)^ which 
is, i)erhHps, more common, but is less 
poisonous. From tho former it is at once 
distinguished by its basal euji-shaj^d a|>- 
pendage, and a child can usually distinguish the fly Auianita by its 
more lirilliant, coloring. 

The death cup occurs in Eiiroiie as well as in America, and it 
is mainly from Eiiroiiean sources that our knowledge of it is ob^ined. 
Pliny ascribes numerous <*ases of poisoning U) fungi, and it a|>pears 
probable from the descriptions given that the poisoning was produced 
in most instances by the above plant or its several varieties.. One 
foi’eign authority has collected 51 cases of poisoning caused l[)y tlie 
death cup, 75 per cent of which were fatal; and another has found 
descriptions of 48 cases which occurred in (xermany alone in t]i6> j|faars 
from 1880 to 1890. In the United States it is said that as mipy as 
25 deaths during the summer of 1893 were due to some spec^ of 
Amanita. 

The amount of the substance of this fungus which is necessary to 
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produce death is very siiiall. The third part of a medium-sized 
uncooked cap is said to have proved fatal to a boy 1 2 years of age, and 
smaller amounts have affected older persons very seriously. Even the 
handling of specimens and the breathing of the spores have appar- 
ently given rise to very pronounced uneasiness. The spoj*es are also 
suspected of having caused trouble by being deposited on edible fungi 
wliich were placed in the same basket. 

The fresh fungus is very inviting in appearance and has no bad 
taste when eaten either raw or coOkod. There is no uneasiness felt 
by tiic victim until from nine to fourteen liours after eating. Severe 
al>dominfil x)ain then sets in, Avhich is rajiidly followed by nausea, vomit- 
ing, and (extreme diarrhea, the alvine discliarges assuming tlie x)eculiar 
ricc-wal(M* c<mdition which is characteristic of Asiatic cholera. These 
S 3 nnx)toms ar<^ ])ersistently maintained, but witliout loss of conscious- 
ness, until death ensues, as it does in from two to four da^^s. 

Since the j^ear 1800 death from Amanita poisoning has generally 
been uttributod to the alkaloid muscarine (wrongly called amanitine). 
This is true of a large number of cases. Tn some, however, it has 
l)eeu uotic(id that the toxic, action was quite different, and that the 
effects (^ouhl not be suectessfiilly oount-eractod by the use of atropine, 
which is a perfect antidote to muscarine and eejdain more or less 
cl()sel.y r<dat.ed compounds. This difference seemed to be especially 
maiked in the (^ase of the death cup, but chemists wei’o unable to 
isolate and describe its peculiar principle until recently. This was 
done in bS91 by Kobert at Dorpat, in Russia, and the suhslance was 
called pliaUin. Its characteristic action consists, not in inhibiting 
the action of tlu’! heart,, but in dissolving the red blood corpuscles and 
l)erinitting the blood serum to es(*ape through tlio alimentaiy canal. 

Phallin is a roiiiarkablo substance. Nothing like it, was known to 
exist ill plants until 1884, when abriii, the poison of the East Indian 
jcquirity {Ahrus i^recatorius), was isolated and described by two 
Englishmen. Mitchell, an American, had shown in 1800 that a simi- 
lar substance existed in the venom of the common rattlesnake, and 
others have more i*econtIy shown that such compounds are not uncom- 
mon in nature. Tliey are now known to exist in the venom of various 
serpents, in the iioison gland of some insects, in the cultures of such 
Xiathogenic bacteria as those characteristic of diphtheria and l^q^hoid 
fever, and in a few xilants, such as the barbadoes nut and the castor- 
oil bean. All i)artako of the nature of albumen, and are therefore 
called tox-albumins. The^'^ are easily coagulated and thus rendered 
inert by a temx)erature somewhat below that of boiling water, and 
all dissolve readil^^ in a solution of common salt. Phallin is odorless 
and tasteless, and, like the other tox-albumins, causes death only 
after a long interval. The fatal dose for eats and dogs is less than 
one-tenth of a milligram per kilogram (seven ten- thousandths of a 
grain x>er x)ound) of body weight, and death follows in from four to 
seventy-two hours. 

12 a96 10 
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Salt water is commonly used in the preparation of fungi for food, 
and some pretense at cooking is generally observed; such treatment, 
although it would not remove the poison of the deadly Amanita 
{Anianita ^nnscaria), would, if thorough, totally remove that of the 
death-cup fungus. The uncertainty of an adequate treatment is so 
great, however, that the plant should be rejected as a food and branded 
as poisonous. The danger is made much more emphatic by the fact 
that there is no known antidote for phallin. When a case of i^oisoning 
occurs, the action of the niuscarine-liko compounds, winch are in all 
cases to bo suspected, is to be counteracted by the hypodermic use of 
atropine, but the ultimate efCecis of phallin are only to be offset by 
transfusions of common salt, or by blood taken fresh from the veins 
of sojiio living animal. There is generally little need of agents to 
evacuate the stomach and bow'cls. 

The following account of a case of poisoning by the deadly Amanita 
was reported in one of the Washington (D. C.) newspapers for Octo- 
ber 18, 1894. The report was verified and enlarged by consultation 
with the physicians who attended the i)aiient. The victim, Cfiiung 
Yu Ting, was a highly educated Chinaniau, who was serving as inter- 
preter in the household of a Russian nobleman. The fungus was 
identified by the microscopist of the United States Department of 
Agriculture. 

Having been accustomed to eating fungi in China, Chung gathered 
a large quantity of this luscious-looking fungus and ale it at i3 p, m. 
on Saturdaj^, after i>reparing it according to his ow n method. At 9 
p. m. no ill effects liad been oteerved, but shortly after midnight he 
was found in terrible agony. The vomiting and purging had been 
l)rofuso, and in the bowl containing the vomit, the tough, apparently 
undigested morsels of fungus were found in great numbers. Medical 
aid w as summoned at once and h^qiodermic injootions of .atropine and 
morx)liiue given, but apparently wuthont effect. The discharge of 
blood and blood scrum which began in the early course of the attack 
continued to bo so i)rofuse that it was soon found impossible to raise 
a 1)lister on the abdomen by the use of cantharidcs. Nothing wdiat- 
ever could be retained on the stomacli, and it wais found impossible to 
give nourishment in any w^ay. Hypodermic injections of nitrogly(*or- 
ine and strychuino wore used with good effect upon the heart, but the 
continued use of atropine appeared to do no good. The rice-water 
discharges continued unchecked, and the patient’s strength declined 
steadily until death occurred on the morning of the fourth day after 
the fumgua waa eaten. 
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By Thomas A. Williams, 

Ansistant^ Division of Afjrostologyy U, S, Department of Af/rictdlure. 

GENERAL REMARKB. 

Scarcely more than a decade ago nine out of every ten farmers on 
the Western prairies Avonld have said to you, ‘‘ You can’t gi*ow liinolliy 
in this country.” True, a few of the more careful men in the more 
favored localities seemed to have no dilTiculty in making a succ(\ssof 
timothy growing, hut the average farmer of the iirairies fonml so 
mu(*]i trouble in growing it that he was firmly conAuiiced of Uio use- 
lessness of making the attempt. This was especially true if his farm 
was on the uplands. 

IIoAvcver, there Avas little need of any oilier forage than Hk' jjative 
grasses in the earlier days. Land Avas plentiful, and CA^cry farmer 
Avas within easy reach of enough Amcant territory 1o suiiply his slock 
ANith the necessary liay and pastuj'age. Consecpieutly most of the 
attempts at growing tiniotliy Avere of such a hulf-hcaried naliu'o tliat 
there is little Avonder that so few Averc successful. Tlien, again, fcAA^ 
fai'iners understood the nature of the soil, or, for tliat matter, of the 
timothy itself, sufllcicutly to go aliout the Avork intelligently. Soil 
and (‘limatic conditions Avei*e A^ery ditferent from those in the East, 
Avliere most of them had gained their experience in tiinotliy growing. 
I’hoiigli there Avas usually identy of rain in early spring and in 
autunin, there aa'hs vciy little during the summer. Such conditions 
Avere favorable to the growing of small grain, but tlio hot, dry sum- 
mei*s Avero fatal to timothy Avithout a different treatment from that 
usually given to it. Moreover, as is ahvays the (*ase in a newly 
settled I’cgion, the tendency at fii'st was to loose and caitdess methods 
of farming. Too often the only attention the farmer gave to the 
timothy field after seeding it was to take off Avhatever crop of seed or 
hay there might bo and then to alloAV the stock to run at Avill over the 
field during the remainder of the year. As the land Avas usually very 
smooth and it Avas possible to run tlie mower A’ory Ioav, the field Avould 
often bo literally shaA^od close to the ground. Of course, such treat- 
ment resulted in a A^ery short-lived meadow, avIucIi ‘^A^ould not pay,” 
and timothy groAving Avas abandoned, at least for the time. This has 
been the custom and these the results of thousands of attempts to 
grow timothy on the prairies of Kansas, Nebraska, the Dakotas, and 
Minnesota. 

But as the country became more thickly settled, nath^e hay and pas- 
ture lands grcAV scarce and cori'espondingly less adequate to supply 
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forage for the stock. Then it was that timothy growing was begun 
in earnest. By this time farmers had come to a better understanding 
of the methods of handling the soil as well as of the needs of the tim- 
othy. Then, too, the breaking up of the sod and the setting out of 
groves had produced a change in atmospheric conditions more favor- 
able to the development of the grass. Hence, in spite of the early 
prophecies regarding it, timothy is to-day one of the most commonly 
cultivated forage plants throughout a large portion of the great 
prairie region of the Mississippi and Missouri valleys. Good timothy 
meadows may be found not onty along tlie lowlands of the valleys, 
but also on the farms of the uidand prairies. There are upland 
meadows in eastern Nebi'aska which have been in constant use for 
fifteen years or more, and in that time have not failed to yield a 
paying croj). Wherever irrigation is ixissible, excellent crops of 
timothy are easily *gr^^^^‘ 

SEEDING. 

The methods of seeding dowm to timothy in practice among farmers 
and stock raisers vary widely according to the jieculiaritics of the 
different regions. Experience has long since sliown that wliat will 
succeed in one may fail in another. There are, however, certain fea- 
tures of timothy growing to wliich everyone must give close attention 
if he would secure the best results. 

Timothy is a surfa(*-c feeder, and hence the soil should be prepared 
in such a way as to (‘oncentrato an abundance of iilant food near the 
surface and to allow" tJie roots to i^enetrato to as great a depth as pos- 
sible. One of the most (iommon practices is to begin at h'.ast a year 
before seeding to tlio grass and put the Held into some croj) whicdi w ill 
allow the land to be given a deep, late iilowiiig, and a heavy coating 
of manure. If the land lias been kept clean, it will usually be in good 
condition for fall sowing, if the season is favorable. If not, it may be 
further enriched, fall plowed if necessary, and seeded the next sxiring. 
It has been found that while the soil should be mellow" down to a good 
depth, yet it should not bo too loose, or it dries out too readily, and 
the timothy wdll not form a good sod. This has led some farmers to 
the belief that pasturing is a good thing for timothy meadows. The}^ 
w^ould often find that the grass in a growing meadow" would stool out 
better after the stock, especially cattle or horses, w"as allow ed to run 
on it for a time. The ti’ampliiig of the stock simply compacted the 
soil which before liad been too loose. Veiy ofLen the farmer Avould 
be misled by this and would allow his stock to run on the meadow to 
such an extent as to ruin it entirely. 

In Iowa and eastern Nebraska the roller is often used to compact 
the ground, particularly if it is cloddy, or if the seeding has been done 
in the spring and a nurse crop has been sown. In the lighter, sandier 
soils of the Dakotas and of western Nebraska rolling can not be prac- 
ticed, since the soil is made so fine that the winds blow it off and 
uncover the seed or blow both seed and soil away. 

In Nebraska and the Dakotas very fine stands of timothy are often 
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obtained by sowing in the fall on millet stubble. In this case the 
land is given a thorough coating of well-rotted stable manure, and is 
plowed very deep and as late as possible, so as to kill all the weeds 
that may start. The millet is cut early and the timothy is sowm 
directly on the stubble and covered by a thorougli dragging witli a 
heavy harrow. In this treatment the land should always bo made 
very rich and the millet should be cut before the seed has develoi>e(l. 
It is also a good plan to leave the stubble long, to servo as a snow 
catch for the i)rotection of the timothy. A more common practice is 
to manure the ground thoroughly, plow, and jdant to coj-n or some 
other cultivated crop that does not draw heavily upon the soil; 
manure lightly with well-rotted stable manure the next spring and 
sow to timothy, using wheat or some other small grain as a nurse 
plant. The wheat is usually sown broadcast and covered with a 
cultivator, ]iaiTow(id smooth and the timothy sown later and the 
ground rolled or gone over with a brush drag. This is one of the 
most successful methods. Another plan often followed is to take a 
fi(dd that has raised a croi) of small grain (say, oats), manure lieavily, 
and fall plow, sow in spring to wheat or barley, cither with drill or 
broadcast, and seed to timothy, either with the nurse cro[) or later. 

Timothy is often used in reclaiming worn-out native meadows and 
pavStures, and with proper treatment very good j'osults are obtained. 
It seldom yields well in pastures, however, for more than two or three 
years in succession unless the land is very rich and moist. It is Ihere- 
for(>i the best jdan to sow blue grass with the timothy, and by the time 
the latter is pastured out the former will have occupied the land. 
Sowing on native turf is usually done in early spring. The seed is 
sown broadcast, and then the ground is gone oven* thoroughly with 
a heavy harrow. Native meadows on low, rich soil, that have become 
thin from continuous close cutting may be very materially strength- 
ened by the addition of a little timothy in this manner, as the writer 
knows from experience in both Nebraska and {South Dakota. 

In some j)artsof the Dakotas timothy is often drilled along with wheat 
simply for the fall and si)ring ijasturage, and then the field is plowed 
and planted to corn. Tiiis has been done with considerable prolit on 
large stock farms when seed is not too dear and there is plenty of mois- 
ture. The regular pasture may be allowed to rest during fall and spring, 
and thus be in better condition for the summer. The green timo- 
thy makes a valuable addition to the straw and other “roughness’’ 
which the stock gets in the field during the late fall and early spring. 

The amount of seed used per acre varies from 8 to 16 quarts, but 
in common practice it is seldom more than 12 quarts. For all pur- 
poses broadcasting gives better results than drilling when timothy is 
sown alone, but it is necessary to cover the seed more deeply than 
is the custom in the East on account of the lighter soil and the liability 
to more or less protracted droughts. 
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AFTERTREATMENT OF TIMOTHY MEADOWS. 

In tlie great majority of cases the real cause of the success or failure 
of the timothy field lies in the treatment it receives after it has been 
seeded down. As a rule, it is not a difficult matter to got a good stand 
of grass. The trouble is in so handling the field as to get good returns 
and still keep the sod in a healthy, growing condition. 

Throughout the entire prairie region the time and manner of cutting 
have much to do with the vitality of the sod. In all dry situations 
timothy develops bulbous thickenings (fig. 20) of greater or less ex- 
tent at the bases of the stalks, which become filled with water and 
enable tlu^ plants to survive drouglity periods. If the cutting takes 
place too early in the season, these bulbs do not become sutficiently 
developed and the x>laiits are more easily influenced b}^ the hot, dry 
Aveather Avhich often prevails during summer and autumn. Again, 
the conditions maybe such that a late cutting may do serious damage 
to the sod. If the early part of the season has been dry and rains in 
July produce a second groAvth, the farmer iisually waits as long as ho 
can before cutting, in order to get as large a yield as possible. It is 
seldom that much afb^rmath is dcA'cloped, on account of tlio lateness 
of the second growth, and if the timothy is cut too close to the ground 
the sod is A^ery likely to suffer badlj^'. Hence, a long stubble should bo 
loft. In fact, it is ncA^or a good plan to cut closer than 3 or 4 inches. 
When timothy is soaaui in tlio spring, it is usually best to go over the 
meadow with the mower to keei) the woods down, but not Avith the 
intention of cutting a crop of hay. Sometimes a little seed may be 
obtained the first season, but this is generally xieedod to fill in Ihiu 
placets in the sod. 

The best hay is obtained by cutting during full bloom or when tlio 
‘‘blossoms” fall. The feeding qualities are best at full bloom, but 
most farmers prefer to cut a little later, as the pollen makes the hay 
“dusty,” which is avoided by waiting. It sometimes haiipcns that, 
on account of lack of moisture, the first growth is light, and abundant 
rains in June or July may cause a strong second growth to spring up, 
which will not be in its prime until the first has reached an advanced 
stage of development. In such cases it would be more iirofitable to 
cut late, provided the proper precautions are obseiwed as to the con- 
dition in which the sod should bo left. There is a groAving sentiment 
in favor of cutting timothy Avith the self-binder for hay as Avell as for 
seed, and the practice has much to commend it. With right treat- 
ment the hay cures well, is much more easily handled and fed, and 
can be stored in a more limited space than when cut in the ordinary 
way. 

Experience has shown that, under the ordinary conditions obtain- 
ing in the West, pasturing has a bad effect upon the vitality of the 
timothy meadow. The trampling of the stock destroys the bulbs of 
the plants and packs the ground, rendering it more liable to bake. 
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Sheep are particularly hard on because of the close grazing 

and excessive trampling resulting from their habit of feeding in 
flocks. When the meadow is on low, rich, moist bottom land, it 
will stand a limbed 


amount of grazing. 
There is some doubt 
as to whether spring 
or fall i)asturing does 
the greater injury. 
At the Utah Experi- 
ment Station, in a two 
years’ trial, spring 
grazing did the most 
damage. Many farm- 
ers, however, h o i d 
that spring grazing 
does l(^ss damage if 
the stock is taken off 
before the tirnoth}^ be- 
gins to joint.” It is 
more than likely tliat 
much depends upon 
the (*haraet<?r of the 
season and the con- 
(lilioii and treaUnont 
of the sod. 

Since most of the 
i]oiirishni(‘nli whi ch 
this grass draws from 
the soil comes from 
near Ihe surface, the 
meadow should be 
giv<m a toil-dressing 
every year or tvro. 
Ordinary stable ma- 
nure is most com- 
monly used in the 
West, since it is the 
only fertilizer easUy 
accessible. It should 
bo well rotted Axlien 
applied, and then it 
will be readily availa- 
ble to the plants. In 
prtMJtioo the manure 



Fig, JiO.— Timothy, filio-wijjff tho Imlbous basoy of Ujo clustered 
steins in old plants grown in dn', hard poil. 


is put on the field during the fall, winter, or spring, as best suits the 
convenience of tho farmer. The least waste occurs and the best results 


are obtained, however, when application is made in early spring. 
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It is a froqiiont thing for tlio timothy meadow in the West to become 
‘‘ hidebound.” This usually occurs in meadows that have been in use 
for some years, and is due mainly to two causes. In the first place, 
through insufficient cultivation the driving rains and hot summer 
sun8i>ack and bake the ground so hard that the plants can grow only 
with great difficulty; in the second place, as the plants become older 
a great many offshoots are developed, each with its bulbous base, and 
all are crowded together in such a small area that none can make a 
satisfactojy growth. The remedy for such a condition of things is to 
give the meadow a good top-dressing in early spring and follow this 
with a heavy harrow, thoroughly tearing up the sod. This breaks up 
the crust and allows the soil to absorb water more readily, while it 
f ends to lessen the loss by evaporation. It also separates the bunches 
of timothy plants and allows them to develop properly. If the 
meadow is top-dressed and harrowed often enough, this ^‘hidebound ” 
condition will be avoided. 

From the fact that there is less need of fretpient rotation in the 
West than in the East, the Western farmer usually desires a long-lived 
meadow. With this end in view, he welcomes any practice that Avill 
increase the vitality of the meadow, and hence its longc^Aity. To^)- 
dressing, harrowing, or cutting up the sod with a cornstalk cutter, 
mowing at the i)roper season and in the proper majiner all tend to 
increase the life of the meadow. It is also a good ])ractiee to sow a 
small quantity of rod clover or alsike with the timothy. These not 
only add materially to the forage obtained, but also have a good effeet 
ui)on the soil, and are thus a benefit to the timothy. It is usually 
necessary to sow a small quantity of clover about once in every 
three years. 

Many farmers sow also a small quantity of redtop with their tim- 
othy. This grass fills in the spac^es bet ween the bunches of timothy, 
and heii(?e a more even sod is produced. It is not a good to use 
too much redtop, however, or it will crowd out- the timothy, as it is 
very hardy and spreads more rapidly than the latter. 

GROWING TIMOTHY FOR SEED. 

Western-grown seed is eagerly sought by many seedsmen on ac<^ount 
of its greater vitality, and hence the growing of timothy for seed has 
become quite an industry in certain localities. The heads always 
fill out well, and even when quite thin on the ground the yield is 
sufficient to render the business a ])rofitable one on account of the 
relatively low price of land and the small amount of labor and 
expense necessary to grow and market the crop. While the vitality 
of Western seed is high, it requires a great deal of care to harvest it 
in such a manner as to get a high grade in color. An excessively 
bright sun is very likely to bleach out the seed and thus injure its 
selling qualities. On the other hand, the ease with which timothy 
can usually be cured and the seed saved in the West are points 
in its favor. 
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As a rule, tiinotliy is cut at about tlie time tlio early maturing 
heads are beginning to be overripe. When the seed in most of the 
heads is ripe enough to cut, the leaves are still quite green, and 
hence the straw makes fairly good feed after thrashing. The cutting 
is usually done with a self-binder, and the bundles are made rather 
small and bound somewhat loosely. They are shocked two and two, 
and the timothj’^ is usually thrashed, without stacking, as soon as it is 
thoroughly dry. The hauling is done, if possible, in racks with tight 
bottoms, BO that, the shattered seed may bo saved. In this way, 
though a small amount of seed is often lost bet^ause some of the 
heads are not well ripened, the loss is more than made good by the 
better qvuility of the straw, and the farmer gets a yield of from 0 to 
12 bushels per acre of lirst-class seed in addition to a large amount 
of forage of a fair quality, which can be used to good advantage as 
horse food during the winter or as “roughness’' for fattening cattle 
or other stock. 

If t he ti inothy is allow<Ml to stand too long, there is danger of as much 
loss from shattering as there is gain frojn the latei* rii)ening heads, and 
th(Mi the forage is rapidly deteriorating all the time. The shocking 
must be cai'cfully done, and the bundles liandlod as little as possiblt^ 
in getting them to the thrashing iimchine. The timothy iruist not bo 
allowed to stand too long in tin' sho<*k, as again there inay be consid- 
erabh^ loss from shattering, and the quality of tlie seed may be injured 
by bl(»aching through exposure to sun and rains. 

TUE (*)UALTTV OF WESTERN -GROWN TTMOTHV HAY. 

A finer quality of hay can be grown in the AVest Ilian in the East, 
but the average yield iior aei‘e is less, ex<»ept under irrigation. The 
following table gives a comparison of the chemical (*onstituents of 
AVesteiai hay, <*ut just after blooming, with the average of eleven 
analyses, chiefly of hay grown in the East; 

A i r-drt/ materia L 


Constituent. 

Eastern 

b.'iy 

(average 
of t>loveii 
analyses). 

Western 

hay 

(South 

Dakota). 


U.2 

10.4 

6.0 


4 4 

’ 

Ether extract 

8 3 

Crude liber 

28 1 ' 

80 8 

Crude protein 

5.7 

7 0 

Nitrogen-free extract 

44 0 

41.1 

Nutritive ratio 

1-17 1 

i;12 2 


It will be seen from this that the AYestorn hay contains more emde 
liber and more (*Tude protein and has a narrower nutritive ratio. The 
latter fact I'cnders it more nearly a well-balanced ration than the aver- 
age, and hence of more value to the consumer. Tlie conditions of hot 
sun, dry weather, and excessive evaporation under which the Western 
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hay is grown readily explain the larger percentage of crude fiber, and 
the richness of the soil in nitrogenous elements is undoubtedly respon- 
sible for the larger percentage of protein present. 

Careful attention to the methods of culture, mentioned in the pre- 
ceding pages, has made timothy growing a success throughout a large 
portion of a vast region in which it was once maintained that it could 
not be grown, and there is every reason to expect that its cultivation 
will become still more general. There is little doubt that it will con- 
tinue for many years to come to be the princii)al grass sown for hay, 
for, tliougli it lacks some of the characteristics that a perfect forage 
plant should possess, it is certainly the best hay grass for average farm 
conditions that is at present available. 

On an upland prairie farm in eastern Nebraska, which was the 
wi'iter’s homo for many years, there is a timothy meadow M’'hich has 



Fig. 30. ~A timothy moaClow at hayint' time in the Oallntiu Valley, Montana. 


given a profitable yield every season for over fifteen years in spite of 
severe di'ougbts, and the sod is still in a good, healthy, growing condi- 
tion. It has never been reseeded, and clover lias been sown but once. 
During the past four years, two of which were very dry, the average 
yield has been tons per acre, the lowest yield lieing tons and the 
highest tons. Similar fields are found in the Dakotas and other 
l>rairie States. 

In the Dakotas, Montana, and other States whore irrigation is prac- 
ticed, enormous crops of timothy are raised. In the .Tames Valley, in 
Sooth Dakota, and in the Gallatin Valley (fig. 30), in Montana, the 
writer has seen crops of timothy and of timothy and clover raised 
under irrigation that were very fine indeed, considerably exceeding in 
value the crops of wheat raised under like conditions. 



THE COUNTEY SLAUGHTEBHOUSE AS A FACTOE IN 
THE SPREAD OF DISEASE. 

By Cn. Wardell Btilrs, Ph. D., 

Zoologist of the Bureau ofAnwial Industry, 

INTEODUCTION. 

Gorerally speaking, the places for slaughtering animals for food 
may be divided into large ahatknrs and local slaughterhouses, Tlio 
former are usually located in cities, and operated in connection witli 
pticking houses. The latter are used chiefly by the meat dealers of 
the countiy towns, and the animals slaughtered at these places are 
generally, if not always, for local consumption. In this article it is 
int(‘Jidcd to discuss only the local slauglitcrliouses in their relation to 
disease, and the criticisms here made do not apply to the large al)at- 
toirs which prepare meat for oxj)ort and interstate trade in accordance 
witli the sj’sicm of rTOvernment inspection now in force. 

It is impossible to ascertain from the State authorities the total 
number of places of slaughtering in either of the States discussed, so 
that no definite figures can be given covering the entire area visited, 
l)ut a ecniain number of representative toAvns will be considered, in 
whi(*]i the data wore obtained b}'' i>ersonal investigation. 

The butchers of the eountics visited supply thcinsclvos with meat 
from tJic following sources: 

(1) Some meat dealers, especially those of the cities andlai*ger towns, 
olitiiiu all their meais from the largo i>aeking houses and do no slaugh- 
tering themselves; this cUissdoes not, therefore, enter into the field of 
this article. 

(2) III a few eases meal men were fouml who did their own killing, 
but will) had no regular place for slaughter. These men would drive 
from farm to farm and buy one or two animals, which they killed at 
the i)lace of purcluise, throwing the offal of the slaughtered animals 
to the farmers’ hogs. They would take tihe dressed or partly dressed 
carcass to their meat shop and place it on tlie block. 

(3) In a number of cases small dealers were found who Imd no 
slaughterhouse of their own, but who did all their killing at slaugh- 
terhouses controlled by other local butchers. 

(4) In two towns at least it was learned that farmers occasionally 
slaughtered their own animals and brought them to town dressed or 
partly dressed, selling thorn in halves or quarters to the local butchers 
or to families, hotels, i^estaurants, etc. The farmers wore in the habit 
of feeding the offal of the slaughtered animals to their hogs. 
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(5) The majority of the local dealers in small towns omti or rent 
small slaughterhottses. In nearly all cases these houses are located 
on or just beyond the town limits. They are frame structures, gen- 
erally of one room, built directly on the ground or raised several feet, 
and surrounded by a small yard, or in many cases situated in a largo 
field. 

In perhajis the majorit}^ of cases the butchers controlled a small 
piece of land, and, as a rule, hogs were kept on the premises to oat 
the offal. In many instances the houses were located on tlie banks 
of rivers or creeks into which the premises drained. Freiiuently the 
offal was thrown down an embankment toward the water and left 
there to be eaten by hogs and rats or to de(‘>ay and drain into the 
stream. In some cases the slaughterhouses were located on farms. 
These farms wore either owned by the butchers or a farmer would 
give to the butcher, for his slaughterhouse, the use of a piece of ground 
on the corner of his premises in return for the us(^ of the offal as food 
for his hogs. 

A very important matter from the standpoint of j>nblic hygiene is 
that in case a town was provided with more than one slaugliterhouse, 
the houses were rarely segregated, but wei'e s(»attered north, south, 
east, and west, each butcher apparently trying to j)lac(‘ Ids house in 
such a position as to prevent any undue amount of curiosity on the 
part of his competitors as to the character of his stock. 

NOTES TAKEN AT THE VARIOUS SEAlKHITERHOtTSES. 

After this general introduction, it may be well to give some notes 
t-aken upon the premises of various slaughterhouses. The plan of 
insi>e<jtion followed was first to call on the local board of Iiealth and 
the mayor of the town, in order to obtain as much information as pos- 
sible regarding the location of the houses, character of the butchers, 
etc. A visit was then made to the dealer, and permission to visit liis 
slaughterhouse was requested; at the same time information was re- 
quested concerning the number of animals used, the oingin and dis- 
position of the stock, etc. In theses notes any statements not made 
from personal observation are given upon the authority of the mayor, 
the local board of health, oi* the butchers themselves. As a rule, per- 
mission to visit the grounds w^as easily obtained and all questions 
were cheerfully answered.* In some isolated cases, however, permis- 
sion to enter the premises was refused by the butcher, and these 
places were then inspected only from a distance. It. is needless to 
state that these premises were found in poor condition. 

The cases cited below* are taken at random from notes covering 
nineteen towns in one State and ten towns in another. The number 
of inhabitants of the towns is for the year 1890. 

Town 1. 

Inhabitants, 1,276. Number of slaughterhouses, 2. Proportion of slaughter- 
houses to inhabitants, 1 to 638. 
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Slaughterhouse 1 . — About a mile west of corporation limits. Frequent com- 
plaints have been made by persons residing in the vicinity, but at present the 
premises are said to be in much better condition than formerly. About 40 hogs 
are on the grounds, feeding on offal and com; these hogs are used only for local 
consumption. The offal is thrown out of the slaughtering room down a liill, and 
remains there until eaten by hogs and rats or until decayed; the promises drain 
into a creek, and are overrun with rats. Of 14 rats examined, 10 were infected 
with trichinae. 

Slaughterhouse — About a mile and a half oast of town; few hogs present, 
feeding on offal and very iioorly kept; these hogs are used only for local trade. 
Premises badly infested with rats; 3 out of 8 examined were trichinons. 

Town 2. 

Inhabitants, 2,448. Slaughterhouses, 8. Proportion of slaughterhouses to in- 
habitants, 1 to 8 1C. 

The health officer of this town, when asked about trichinosis in this region, ad- 
vis<3d me to “ask some horse doctor about it, as that disease belonged to horse 
doctors rather than to i)hysicians.’* He considered an inspection of meats useless, 
‘ * as no disease could be communicated through the food sui)ply . ” As long as such 
a man is allowed to hold the important i)osition of health officer there need be no 
surprise if disease is widespread. 

Slaughterhouse J , — Butcher owns slaughterhouse a mile and a half southeast of 
town, the yards covering about 40 acres; premises in fairly good condition. His 
shop in town is full of rats; 4 out of 7 examined were trichinons. Butcher stated 
he luid repeatedly attemi)ted to feed hogs on offal, but found that they did poorly; 
one of th(» hired men stated that the proprietor had recently shipped 2 car loads of 
hogs from his slaughterhouse to abattoirs. 

Slaughlerhouse — Butcher slaughters on his own farm, 2^ miles north of town; 
keeps about 80 hogs, but does not feed for shipment; shop and slaughterhouse are 
both dirty and poorly kei)t; his 22 cats, Jiowever, seem to keep the rats down. 

Slaughterhouse o , — As filthy, dirty, and rickety a idace as can well he imagined; 
siluatc'd about a mile east of town; premises are absolutely honeycombed with rats; 
of 5 rats (‘xamined, 8 were found infected with trichinie. How the board of health 
can allow such a nest to exist passes comprehension, and how people can purchase 
meat jirepared in such a iilace is a question the writer will not attempt to answer. 

Town 8. 

Inhabitants, 1 ,088. Slaughterhouses, 3. Proi)ortion of slaughterhouses to inhab- 
itants, 1 to 8()8. 

Slaughierhouse 7. — Half a mile east of town; owner feeds about 150 hogs per 
year on the offal and sells them to shipi>ers, buying hogs from farmers for his own 
block. The house is overrun with rats, but is in fairly good condition. 

Slaughterhouse Hi , — Abandoned about a year jirior to visit. 

Slxiughlerhouse S , — Fairly good condition; 40 or more hogs per year fed on offal. 

Mr. D. , a hog “shipper, ” ships about 6,000 head i>er year. Of this number about 
125, or 2^V cent, are offal-fed hogs, from slaughterhouse No. 1. 

Mr. M., “shipper,’’ shipped 8,900 hogs from December 1, 1892, to April 1, 1893. 
Of these hogs, 40 head, or 1^^^ i)er cent, were offal fed, from slaughterhouse No. 8. 

Town 4. 

Inhabitants, 6,747. Slaughterhouses, 4. Proportion of slaughterhouses to inhab- 
itants, 1 to 1,687. 

Slaughterhouse /. — A mile and a-half southwest of t(»wn, on the banks of a river; 
the filthiest slaughterhouse found during the entire tour of insx>ection. A look at 
the dirty, ignorant man in charge is enough to turn one against any meats which 
may have passed through his hands. He resented the visit in a most ugly manner, 
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altltoii^cli th© health officer waa in the party. From either the proprietor or his 
hired maai it was very difficult to obtain information regarding the origin or dish 
position of their hogs. Premises in a most horrible condition and totally unfit far 
use as a place in wliich to prepare food. The killing room is small and dirty, 
although an attempt seemed to have been made to wash the center of the floor after 
slaughtering the last time. Around th© sides of the room stood baiTels, many of 
them falling to pieces, filled with scraps of me^at, and of easy ac‘-cess to rats. Th© 
blood and offal troughs drain directly into the river. Adjoining the killing room 
is a dirty, filthy rendering room. Some of the swine offal is rendered and the rest 
of it is fed to hogs. The entire ijremises are overrun with rats, and the hired man 
remarked that he “ frequently iioure<l hot water into the rat holes and killed th© 
rats by hundreds*’ as they ran out. When asked what he did with the rats, he 
reidied that ho “did nothing with them; some were eaten by the hogs, the edhors 
were left to decay.” iNTo rats oxaniined for trichinosis, as that would have been a 
waste of time. Under the conditions existing at this place the infection can cer- 
tainly not bo less than 70 to 80 per cent. Adjoining the buildings is a yard in 
which hogs, chickens, and turkeys are raised. There were about 70 swine, vary- 
ing from pigs three days old to lai*ge hogs. 

The public certainly can not expect that the premises of a country slaughter- 
house will be as clean as a recoidion room, but butchers, on the other liand, should 
not oxi)ect that the public will tolerate such filthy, diseased)reeding places as th© 
one just described. 

The local healbli officer has no authority over this house, as it is ontsid(' the cor- 
poration limits; the State board entirely ignores the condition of the slaughter- 
houses, and as a lusult the public has no lu’otection from the impositions practiced 
by such filthy establishments, 

SJaufjhfcrJiouse /?. — Situated about half a mile south of town: far above the 
average country slaughterhouse. Tlio premises are dry, except for a small pool, 
which shotilcl Ije taken care of. Tliere are about head of cattle on the place, 
and the proprietor generally koGi>s from 2 to 50 hogs in the yards, all of which are 
used for local trade; these hogs have ac^cess to the offal of tlio sheep and sleei-B, 
but the offal of the hogs is carried awjiy in barrels and thrown into the river. 
An excellent feature of this iilace is the bone idatform, which, like the house 
itself, is raised about 3 feet above the ground. 

Slanghterho7ises 3 and 4 .— Two small slaughterhouses arc located within a few 
yards of each other, about a mile and a half southeast of town. The buildings 
are raised above the ground and are in fairly g^od condition; the yards are very 
small and there is evidently no attemx)l to raise hogs; ilie offal is throvrii into the 
yards and allowed to decay. 

The four towns cited are fair examples of the places visited. To 
lisli the notes on the other towns w’^onld be simfily to repeat the fore- 
going statements. Some places were found in good condition; some 
in a condition that was a disgi-ace both to tliek proprietors and to the 
cominiinities that tolerated their existence. 

SLAUGHTEBHOIJSES NATURALLY CENTERS OF DISEASE. 

The first matter to notice in connection with this subject is that 
every slaughterhouse is from the very nature of things a center of dis- 
ease, and naturally the poorer the condition of the promises the more 
dangerous they are. These facts will appear clear if one considers 
what takes place at one of these houses. Even if only a few animals 
are slaughtered each week, the totaT number may amount to several 
hundred during the year. Some of the animals are surely diseased. 
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At least one of the hogs 1ms trichinosis, and when the offal of this 
trichinous hog is fed to hogs which ai«e raistjd upon the grounds the 
latter can not escape infection with trichin®. Bxit that is not all. 
The slaughterhouses aie often oven-un with rats; the rats feed on 
the offal, and when feeding on the offal of a trichinous hog they like- 
wise can not escape infection, with trichin®. As a inatterOf fact, the 
rats captured at slanghterliouses, meat shops, and rendering establi.sh- 
inents were foxmd to bo infeeted in a much greater proportion Ilian 
rats taken from other souif es, as is shown by the following iahlo: 
Siimriuinj of triehiuv»iif hi rats. 


Hats. 

Niimlxjr 

examined. 

N urn lie 1 * 
infected. 

Xuinbt'r 
mniTf e<?ted. 

Por< 
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RiltH U(*t ns direct tninsmitlers of tTiebinoHis to liogs. j^ccordiiig to 
tile above sljitistics, if a iiog keiit at a slaiightei-tiouse efits a nit, tlio 
ehanei^s arc fifty-five in a linndred tliat it will become infeeted with 
Ihe disease. Now, supjiose that a slanghterhonse is burned or fd)an- 
doned, as Avas freiiuently found to be the case; tlie nits inhabiting tiio 
premises naturall}" wander to the noighboiing farms or to the cornmabs 
in order io obtain food, and of evoiy hundred rats AA’^hich leave tiio 
slanghlerhouse grounds fift j^fnT'^ earrj^ Avith them the disease knoAvn 
as tidchinosis. This disease they tninsmit to hogs, If eaten hy them. 

It is frcMpiently denied that hogs A\ill eat rats, but such denial is 
orroneoua. KSometiines hogs have refused rats Avhen offerc*d to them ; 
but that hogs do and Avill eat rats has l)6en proA^ed by experiment. 

In the segregation of slaughterhouses care should bo taken to 
destroy the rats in all the houses which are deserted, in order to 
prevent their wandeiing to neighboring fairnis. 

From this it Avill be seen that every slaughterhouse where liogs are 
killed forms a center for the spread of trichmosis to neigliboring fmans, 
and wlien the offal is fed to other hogs it can not be expected that 
the latter will escape trichinosis any more than the rate. Offal-fed 
hogs are, therefore, liable to be infeeted to an extent varying from 10 
to 100 per cent, and this custom of feeding hogs at countiy slaughter- 
houses un<iuestionably is mainly responsible for the spi*ead of trichi- 
nosis among the hogs of the two States visited. When we recall that, 
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as was ascertained by inquiry, from one-fourth of 1 per cent to nearly 
4 per cent of all the hogs shipped from certain localities are olfal fed, 
we need not be at all surprised to find that 1 to 2 per cent of all the 
hogs examined at the large abattoirs are trichinous. P'urtliermore, 
since so much offal-fed pork is i^laced upon the local market in coun- 
try towns, we need not bo at all suri3rised should we find that a quar- 
ter or a half of all the pork sold by many country butchers is infected 
with trichinae. 

But trichinosis is not the only disease which the country slaughter- 
house sjmeads by offal feeding. It. is well known that tubercjulosis 
occurs in cattle and hogs. Now, if one or two hundred of these ani- 
mals are killed at a country slaughierhouse during the year, it may 
safely be assumed that one or more of them are tuberculous. Feed- 
ing the offal of these tuberculous animals to hogs will transmit the 
disease to those hogs, and these animals when used as food jiiay in 
turn transmit tuberculosis to human beings. 

The country slaughterhouse is also the (tenter of infection for a 
number of animal parasites which are injurious to live stock or, in 
some cases, even to man, and which are sj)read ])y moans of dogs. 
Anyone who has visited one of these places will have noticed that 
dogs soon discover the promi.ses as a good place to obtain food. 
While eating the discarded organs, ilwy infect themselves with sev- 
eral kinds of parasites, of which the following are the more important: 

The Echmococcus hydatid is found in the liver, lungs, and other 
organs of cattle, she(qi, hogs, and certain other animals. It varies in 
size from a small object as largo as a hazelnut or smaller 1o a bladder 
the size of a child’s head. This bladder coiitains numerous tai^e- 
worm heads, and when eaten by a dog each head produces a. small 
tapeworm. The eggs of this tapeworm are in turn transmitted to the 
various domesticated animals and man, and give rise to liydatids. 

This parasite' seems to be on the increase in this country. The 
disease it causes can occasionally be cured, but in man it is said 
to be fatal in five years in about 50 cent of the cases. It can, 
however, be almost completely eradicated if slaughterhouses are 
properly cared for. 

The Thin-necked bladder worm is found in the body cavity, in the 
omentum, etc., of cattle, sheep, and hogs, and is (|uite common in some 
localities. It develops into the Marginate tapewonn when eaten by 
dogs. The eggs of the marginate tapeworm are then scattered by dogs 
on farms, in the road, etc?., and infect cattle, sheep, and hogs with 
the bladder worm. It occasionally causes the death of young ani- 
mals, as the bladder worm can not be reached with medicines. 

The Gid bladder worm is found in the brain of sheep, and occa- 
sionally in other animals, but fortunately it is exceedingly rare, if 
present at all, in this country. When eaten by dogs, it develops into 
a tapeworm which produces numerous eggs. The dogs scatter these 
eggs on farms, sheep become infected with them, and conti*act the 
disease of ‘‘ gid ” or turnsick,” 
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iSrague worn is fomid encysted in the yiscera of cattle, shee^, 
Iknd e^bmiF animals. It is about a quarter of an inch long, and when 
saten Ulr dogs grows to be 2 to 5 inches long, inhabits the nasal cavi>* 
ties, and produces numerous eggs, which are transmissible to man as 
'n^li as ho the domesticated animals. 

It is mesdless to enumerate all the diseases which might center at a 
daughterhouse, but two more maladies, i. e., hog cholera and swine 
plague, demand attention. It has already been noticed that many 
daughtei'honses drain directly into brooks and creeks. If hogs suf- 
fering fix)m hog cholera or swine plague are killed and the entrails 
thrown into a yard draining into a creek, it inevitably follows that 
the creek becomes contaminated and the disease then spreads to farms 
lower down the creek, and an ontbreak of the disease will follow. 
The same remarks apply to uire-worm disease in sheop. 

From the foregoing debiils and discussion, the writer is forced to 
adopt the view that every slaughterliouso is a center from which dis- 
ease may spread, and that the chief factors concerned in the spread of 
these di^ases are (1) offal feeding, (2) drainage, (3) rats, and (4) dogs. 

PEEA^ENTIVE METHODS. 

There are two methods of meeting and lessening the dangers with 
which slaughterhouses threaten the farmer: 

(1) Since every slaughlerhouse is a separate center of disease, it 
follows that a reduction in number or a segregation of slaughterhouses 
will reduce the number of places from uhich disease will spread. 

(2) Since offal feeding, drainage, rats, and dogs are the important 
factors concerned in spreading the diseases, it follows that we can 
control tho spread of these diseases by controlling these factors. 

THE SEOREOAIION OF SIAUOnTEEHOUSES. 

An exact ratio of the number of inhabitants to each slaughterhouse 
can not bo deduced, as the neighboring farmers naturally draw some 
of their supplies from the local markets. Taking, however, the 
number of inhabitants in towns and the number of slaughterhouses, 
localities can be found whore the proportion varies between one 
slanghterhouso to 72 inhabitants and one slaughterhouse to 1,600 
inhabitants. In twenty-nine towns of the two Stales visited sixty-nine 
local i^aaghterhousos wore found. Sixteen of the towns had two 
slaughterhouses each, eight had throe each, two had four each, and 
one had five. 

From the above figures it will be seen that twenty-nine localities fur- 
nished sixty-nine disease centers for the surrounding countrj'. It is 
also evident that if the slanghterhousos were so segregated that all the 
batdtmjrs of each town were obliged to do all their killing at a common 
sUugl^rhonse, we should have forty places less from which disease 
ootlld spread to the farms surrounding these twenty-nine towns. 

12 a06 11 
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Tho first and most important proposition, therefore, to lessen the 
danger dne to tho country slaughterhouse is to reduce the number of 
places at which slaughtering is allowed, comi)olling all tho butchers 
of a given town to slaughter at the same i)lace. 

This suggestion will naturally not meet with the approval of all 
tho butchers. The objection will be made that they have money in- 
vested in slaiighterhousos and that any change wall mean financial 
loss to them. To tliis tho reply is that all or nearly all tho country 
slaughtcrhonses are frame buildings, which aro not of much value; 
they aro cheaply built, jioorly arranged, etc., and rep]‘esent an infin- 
itely smaller investment than the nioin'y invested in stock by neigh- 
boring farmers; and the temporary loss to be suslainod by the butcher 
will bo infinitely less than tho loss sustained in the (jourse of time by 
the neighboring farmers and by the community. Further, these 
numerous local slaughterhouses are meiiaees to i)ablic health, aud 
under these circumstances a small financial loss to a few individuals 
can not be taken into consideration. 

Another objection that will be made by the butchers is that while 
the segregation of the slaughterhouses would reduce the number of 
centers of infection, it would not reduce tho amount of infection in a 
given district. To this the re])ly is that the objection is more api)a]’- 
ent than real, sin(*e a given amount of infection in a restricted area is 
more easily controlled than the same amount of infection scattered 
over a larger area and in difTerent localitit*s. 

Objection vdll also be made that tliis segregation of tho slaughter- 
houses is an innovation, an experimenti, a scientific theory which is 
not. practicable. Tlie rei)ly to this is, that, while it is an innovation in 
this country, it has been t.est(».d and found satisfacitory in other coun- 
tries, where practical experieii(*e has bornci out sciont iilc theory and 
where the plan lias been shown to be entirely feasible. 

Objection may be raised that one butcher does not care to be siib- 
je(ded to having his busiin^ss open to the gaze of other butchei-s. 
This objection answers itself. Tlicre niidoiibtedly aro butchers wlio 
would object to having other bntelicrs see the class of stock they kill 
or raise, and the sooner the health authorities exercise some control 
over these dealers tho bettor. 

In eonnect.iou Avitli tho segregat ion of slanghterhonses it is suggested 
that a slaughterhouse could be built by a sto(*k company or by the mu- 
nicii)ality aud stalls lot to tho bntcliers, or t.ho bntcliej's could build a 
common house for killing, or each butcher could move or build within 
a restricted area to be given up to slaughtei’lioiiscs. 

CONTROJ. OF THE DISK ASE-SPKEA DING AGENCIES. 

Passing now to the most potent factors in the transmission and 
spread of disease from countiy slauglit.er]iouscs, i. e., offal feeding, 
drainage, rats, and dogs, let us see how these factors may best bo 
controlled. 
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Dispmition ofoffaL — The author unqualifiedly condemns the feed- 
ing of 14ie uncooked offal of slaughtered hogs (and also of tincooked 
swill containing scraps of pork) to other hogs, on the general ground 
that this custom is a most potent factor in spreading disease, and also 
on the ground that butchers almost universally admit that offal-fed 
hogs are inferior to corn-fed hogs. It is here also specifically main- 
tained that offal feeding at the small country shiughlerhousos is the 
most important factor in the spread of trichinosis among our Western 
hogs, since the conditions found are such that undoubtedly from 25 to 
100 per cent of the offal-fed hogs at these houses are infected with 
trichina?. This custom unquestionably also phij'S an important role in 
the spread of tuberculosis among hogs. It is accordingly urged that 
the offal of hogs be disposed of in some other way. A dealer who kills 
l)ut two or three hogs iier week can not, of course, afford to render 
the offal, but if all the butclu^rs of a given town or county, or of two 
or three neighboring towns, kill at the same place, the pj'oportioiiate 
cxijensc of nuidcring will bo reduced. 

There is no valid sanitary objection to feeding the offal of healthy 
(*attle and sheoi) to hogs, but lliorf? are decided objections to feeding 
this offal in case the animals are dis(‘ascd. In order to be on the safe 
side, therefore, it is urged that the custom of offal fe(?ding be entirely 
abolished. 

In large abattoirs no offal is fed, so that the claim some Ihiropeans 
liave made that offal feeding at Oucago and othei* large places spreads 
disease among our stock is entirely groundless. 

Drainage . — If the offal is rendered, the problem of the drainage of 
shiughterhous(‘S Avill be greatly shnplifled, since the greatest danger 
in tlie drainage is fj'ojn the decaying offal. The latter being disposed 
of, the drainage system will simidy have to take care of the unused 
blood, the water used for washing, and the ]'ain. 

liegarding the water supply, it may be stated that this is very 
])oor in the avej'age count ry slaughtcrliouse, but a segregation of the 
iioiisos would enable the I'xpcuise of a windmill or other supply power 
to bo divided among several parties, and thus reduced, while the 
water supi)ly Avill be increased. The drainage of the killing floors 
and yards is naturally quite rich, containing considerable maunns 
Idood, etc. To drain this material directly into small creeks and 
rivers is somewhat dangerous for neigliboi'ing farms. As a safe method 
of disposal, the use of largo covered cesspools situated some dis- 
tance from the water supjjly is suggested. The cleanings from these 
cesspools would form excellent fertilizer, but should not he ns(id fresh 
on any ground to which cattle, sheep, or hogs have access, or upon 
grounds planted with vegetables which are eaten inu?ooked. With 
(jomparatively little expense the blood could be immediately i;repared 
as fertilizer. 

Thf. destruction of rats . — IIow to destroy tlie rats around a slaugh- 
terhouse is a serious problem. The use of ‘‘ Rough on Rats ” i]i these 
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places is to be condemned, as it causes the rats to wander, thus spread^ 
ing disease. It is far better that diseased rats should remain on the 
premises than that they should wander to farms. “Rat rums” by 
use of ferrets or by pouring hot water into the rat holes, the presence 
of “ratters,” and the systematic use of rat traps and rat falls will do 
much toward destroying these pests. Although there are slaughter- 
houses in the two States visited that are literally honeycombed by 
rats, there are others where rats are very scarce. 

A most excellent “ rat fall” may bo made of a strong barrel, about 
half full of water. The cover should be i)laced on a i)ivot and well 
baited. Hundreds of rats may be caught with this device. It is 
important to dispose of the bodies of tliese rats so that they can not 
be devoured by other rats or by hogs. 

Dogs , — The butcher who allows dogs iicccss to the slaughterhouse 
or its grounds is directly responsible for the spread of certain animal 
parasites. Dogs should be absolutely excluded. The presence of 
cats is not attended with the same danger as that of dogs, but it is 
difficult to maintain cats at slaughteidiouses for any length of time 
without feeding them on milk or other food besides meat. 

GENERAL SUGGESTIONS. 

The question of raising live stock on slauglilerliouse premises nat- 
urally arises in connection with the question of offal feeding. The 
opinion upon this question needs no defense to an 37^0110 who will con- 
sider all the conditions involved. The writer is unqualifiedly opposed 
to the raising of any kind of stock upon i)romiscs occupied by slaugh- 
terhouses, and condemns this custom, so i)rcvalent in some districts, 
as dangerous to the public health, in that it inevitabl}’' results in 
breeding disease in animals used for food. It is accordingly recom- 
mended that local or State regulations bo made to the effect that when 
any stock animal, more i^articulaj’l}" the hog, has once entered the 
premises of a slaughterhouse, it should not be allowed to leave those 
premises alive, and that it must be slaughtered within a period not 
exceeding two weeks. 

Such a regulation would have the twofold effect of preventing the 
shipment of slaughterhouse hogs to abattoirs, and the limit of two 
weeks would imevent those animals from reaching a stage in the disease 
known as trichinosis where the malady is transmissible to man, in 
case healthy hogs became infected after entering the premises. 

BUILDINO MATEIUAL. 

Country slaughterhouses are almost invariably built of wood. The 
use of some other building material, such as brick or stone, is advised, 
as stone is more easily cleaned and holds odors loss tenaciously than 
wood. The flooring and the pavement of the entire yard should, if 
possible, bo of asphalt. 
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SANITARY POLICE. 

The judging of meats involves a knowledge of disease which can 
not be assumed or expected to be possessed by butchers. Placing 
diseased meat on the block, unintentionally no less than intention- 
ally, is dangerous to the health of the consumers. For the protection 
of both the butcher and his i^atrons, therefore, all meat should be 
inspected at the slaughterhouse by someone who is trained in meat 
inspection. As a rule, a veterinarian is best lilted for this work. 
Every local board of health should have a competent veterinarian 
among its members, and the local meat inspection would very natu- 
rally be one of his duties. It seems best, however, that the State 
veterinarian should have (control over the slaughterhouses, and the 
writer would even go so far as to advise the appointment of an assist- 
ant State veterinarian whose sole or, at least, most important duty 
should be a sanitary sui)crvisiori of slaughterhouses. 

There are several reasons for suggesting that the slaughterhouses 
be placed under the State board rather than under the local boards. 
In the first i)lace, the majority of slaughteidiouses are located a short 
distance beyond corporation limits, Jind hence beyond the control of 
the local boards. If, however, these slaughterhouses are licensed by 
the State boards, salisfactory regulations can be imposed. Further- 
more, the sanitary supervision of the grounds can best be performed 
by someone who is entirely independent of local Israel ice, and the 
veterinarian who has this matter in charge should give up his entire 
time to it. A small country town can m)t, of course, keep a man for 
such duty, but a competent IState oJiicial could be kept busy. 

TIIK lilOUTS AND DUTY OF THE FARMER. 

As a rule, there is little coinplaint against slaughterhouses in case 
the odor arising from them is not esi)ecially otTcnsive. When com- 
plaint is made, the butcher sometimes <dcaus iii) the premises a little 
and the matter is droi^ped. From the above discussion, however, it 
must be evident that tlic odor arising from a slaughterhouse is insig- 
nificaut when comi)ai*ed with the sanitary side of the question. It 
must also be evident that little will be done to better the existing con- 
ditions unless those directly alTceted lake some decided action in the 
matter. The classes most aHected arc the farmer and the townspeo- 
ple. The farmer suffers loss in his stock; the townspeoide suffer loss 
in health. The townsi)Coplo can imotcct themselves against the dis- 
eases by thoroughly cooking their meats, and their interest in the 
matter then ends. The farmers must protect themselves in some 
other way, and the most natural way is to demand a better regulation 
of the country slaughterhouses. Let the farmer, therefore, take the 
initiative, and fo]* his own protection let him demand a State control 
of these in-emises. 
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SUMMARY. 

To summarize this subject in a few words — 

1, A well-regulated system of slaughterhouses is as necessary to 
the public health as is a well-regulated system of schools to the 
public education. 

2. Every slaughterhouse is a center of disease for the surrounding 
country, spreading trichinosis, echinococcus disease, gid, wireworm, 
and other troubles caused by animal parasites, and tuberculosis, hog 
cholera, swine i)lagiie, and other bacterial diseases. 

3. The important factors concerned in spreading these diseases are 
offal feeding, drainage, rats, and dogs. 

4, These diseases may bo greatly held in check and in some cases 
entirely eradicated in two Avays: First, by a reduction in the number 
of preniiscs on which slaughtering is allowed, on Avhich account it is 
urged as all important that there be a segregation of the slaughter- 
houses, so that all the butchers of any given town will be compelled to 
do all their killing in a common inclosed and restricted area. In 
abandoning slaughterhouses, care should bo taken to destroy the rats, 
in order to imevent the spread of infection. Second, by regulating the 
factors concerned in spreading the diseases: (a) Offal feeding should 
be abolished; (h) drainage should be imi)roved; (c) rats should be 
destroyed; and, (d) dogs sliould be excluded from slaugliterhouses. 

0 . A licensing of slaughterhouses by the State boards of health 
and the emidoyinent of an assistant State veterinarian, whose sole or 
most inn^ortant dul.}’^ shall be a sanitary supervision of all places where 
animals are slaughtered for food, arc necessary. 

0. The appointment on every local board of health of a comixdont 
veterinarian, whose duty it shall be to control the class of meat placed 
upon the block, is urged. All meats sliould be inspected at the time 
of slaughter, thus so<;uring for the local consumer the same guaranty 
tliat the N'ational GoA'ernment provides for the foreign consumer and 
for interstatjo trade. 

7. The prohibiting of the raising of any kind of stock wdthin the 
premises of slaughterhouses is advised, as are also State regulations 
to the effect that when a stock animal (horse, of course, excepted) 
once enters the premises (if a slaughterhouse it must never be allowed 
to leave those grounds alive, but must be slaughtered within tAVo 
AA^ceks’ time. 

8. It is adAusablo to use more substantial building material in the 
construction of slaughterhouses. 

9. The country slaughterhouse is more injurious to the farmer than 
to other classes, as ho is less able to meet the dangers involved, and 
on this account he is urged to take the initiative in calling for a better 
regulation of places of slaughter. 

10. When a farmer kills stock for his oavu use, ho should burn or 
bury the offal, or cook it in case he feeds it to hogs. 



IRRIGATION ON THE GREAT PLAINS 


By Fuedeuick H. Newell, 

Chkf Ilndrographer, United States Geological Survey, 

IXTRODITCTION. 

The success of agi‘iculUir(‘ in a disliin*!!}’ arid region, like tlio val- 
leys of Uiali, where perennial strcaius flow fi'om snow-capped peaks, 
is a self-evident proposition. 'Jliere the climate renders irrigation 
absolutely ('ssinitial, and vridoly disiribnled, even Ihongh small, v^ater 
supplies make il- practicabl(\ No settler thinks for a moment of 1 ly- 
ing to cnl(iva((‘ the soil until he has provided a means of applying 
water. 

Tn contrast to th(‘se conditions are tliose surrounding the farnuo’ on 
the Great. Plains, ('special!}" upon the westeim half. Here the climate 
is far from arid. In (*(*rlain semsons it may be called humid. The 
settlers coming from the ]\Iississix)X)i Valley have brought with them 
the inetliods of agriculture adaptol to a wl country. In some years 
suc(*ess is attained by theses methods, and wonderful erox^s encourage 
the breaking up of iruo’easc^d arc'as next ycnir. Total loss of orox)S and 
bitter disax>X>oiutmeut ijievitably folhjw, however, and the unfortunate 
settlers, if not driven from the country, alternate* between short periods 
of ])rosx)erity and long intervals of dexmession. 

The soil of the Great Plains r(‘gion as a whole is wonderfully ri(*h. 
The irregular aud scanty rainfall has not leaclual out tlio natural salts, 
so valuable to x^lant life, and y(.'t has been sufficient to bring about a 
disintegration of the soils to great depths. The sx)arse lierbage, luxu- 
riant at times, is not suffi(*/ieiitly rank to make x^crcex^tible drafts 
upon tliis sux)X)l3' of plant food, aud when at long intervals the rainfall 
occurs in i)rox)cr seasons and (xuantities the yield from the cultivated 
fields is surprising!}' large. 

The ar(;a of this fertile land is far greater than that of any one of 
the Slates of the Union, and while the outlines eaii not be drawn with 
exactness, yet, in a general way, it may be said tliat the extent is 
fi‘om one-eighth to onc-sixth of that of tlie whole United States. 
Within this vast tract, wliich em braises imrtions of JVIontaiui, North 
Pakota, South Dakota, Nc'braska, Kansas, Colorado, New Mexico, 
Oklahoma, and Texas, thousands of families are resident, and there is 

167 



l€8 TBABBOOK OV TBB C. S. DEPABTUElTr OF 


**room for milliOBS more.” (Fig. 31.) The one condition requii^ iBw 
success is ^at of obtaining and utilizing a sufficient amount <ii umber 
to supplement the deficient rainfall. 

The Great Plains can be characterized as a region of penedieal 
famine. Paradoxical as it may be, the countries where great fam- 
ines occur are not those of sterility, but rather those of ejseessive 
fertility and of salubrious climate, inviting a dense population. Like 
other parts of the globe where dearth is apt to occur, the soil of the 
plains is extremely rich, the climate agreeable, everything physical 
invites a large population and an increase of animal and vegetable 
life, save in one essential, and that water. Year after year the water 
supply may bo ample, the forage plants cover the ground with a rank 
growth, the herds multiply, the settlors extend their fields, when, 
almost imperceptibly, the climate becomes less humid, the rain clouds 



Fio. 81.— 'Diagram illustrating tlio relative location and extent of tlio Groat Plains. 


forming day after day disappear upon the liorizon, .and weeks len^hen 
into months without a drop of moisture. The grasses wither, the, herds 
wander wearily over the plains in search of water holes, the crops 
wilt and languish, yielding not even the seed for another year. Fall 
and winter come and go with occasional showers which scarcely «eem 
to wet the earth, and the following spring opens with the soil so dry 
that it is blown about over the windy plains. Another and p^haps 
another season of drought occurs, the settlors depart with such of 
their household furniture as can be drawn away by the enfeebled 
draft animals, the herds disapx)ear, and this beautiful laud, onee so 
fruitful, is now dry and brown, given over to the prairie wolf. IFhen 
comes a season of ample rains. The prairie grasses, dormant thtengh 
scleral seasons, spring into life, and with those the hopes of jiiew 
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fliOBMtS. Then recurs the flood of immigration^ to be continued until 
the next long drought This alternation of feast and famine is in 
Eump^ and the East as old as history and bids fair to be repeated 
upon our Great Plains unless American ingenuity, patience, and skill 
shidl devise means of successful irrigation. 

The first question that the farmer on the Groat Plains asks when 
confronted with the problem of irrigation is, Where can I get the 
water?” Sometimes the reply is obvious. There is a perennial 
stream which can be reached. But in a great majority of cases this 
is the first and greatest difficulty to be overcome. For each locality 
there are various solutions to the problem. In some cases water can 
be found underground at moderate depths. For example, in many of 
the valleys, especially in those of the larger streams, wells roach an 
abundant supply at depths of from 10 to 20 feet. But the area of 
the valleys is relatively small as compared to the whole extent of the 
Great Plains, and on the ‘‘uplands,” as the broad divides between 
tlie rivers are eommonly known, water can be had, if at all, only at 
depths of from 100 to 300 feet, or even more. Here, where the sup- 
ply is small and must be lifted through considerable heights, the 
storage of storm waters must be considered. In rare instances it is 
possible to obtain a supply from deep artesian wells, which flow con- 
tinuously a stream of fresh water. Unfortunately, the conditions 
governing the distribution of ai’tesian wells are comparatively re- 
stricted, and these can bo had only hero and there throughout this 
region. Tlio methods of water supply may, as far as the Great Plains 
region is concerned, bo classified as those by gravit}^ from perennial 
springs and streams, by pumping from rivers or underground sources, 
by storage of storm waters, or from artesian wells. Sometimes it is 
possible for the farmer to choose between two or oven more of these 
ways of obtaining water, but as a rule he is limited to one. 

Comiiaring the Great Plains and the arid region, there are to be 
noted many contrasted iioints which modify the i)ra<*liee of irrigation. 
These arise from the strikingly different forms of each country, its 
ph 3 ’' 8 ical character or ioimgraph^". In the arid regions the arable 
lands are mainly in the valleys or i)artl3’^ suiTOuiided by mountains 
from which perennial streams issue with rapid fall. Tliis facilitates 
the construction of canals built above the level of the fields, furnish- 
ing by gravity a relatively large amount of water. On the other hand, 
on the Great Plains are boundless tracts of fertile soil with no water 
within sight except at rare intervals after heavy storms. The under- 
ground supplies, usually small in amount, arc widely distributed and 
can not be concentrated at any one simt. 

The temptation to the settler is to make his farm as wide reaching 
as the horizon, and to spread his efforts over liund»’eds of acres. The 
ever-recurring droughts stiraulaie him to try and till more land, in 
the hopes that he msiy recoup his losses in a fortunate year. He is in 
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a certain sense a gaml)ler, staking everything upon luck, and i9ii|h 
chances against him. With his desperate eagerness to regain ixi am 
season what he has lost through many years, it is almost impepsible 
for him to see that his only hope of permanent success lies in limiting 
his operations to a comparatively few acres, and in cultivating these 
carefully and safely by using the small amount of water which, with 
great care and some expense, he may bo able to secure. With his 
large conception lie can not content himself with petty details. The 
stem logic of facts, however, is slowly convincing him that, in spite of 
the wealth of land, success lies only in attention to little matters. He 
must go back to the trivial economies of older lands, saving and using 
with judgment every droj) of water which falls iiiKin his field, or which 
can be brought to the surface from underground. This is the hardest 
lesson, and one which many men can not learn, preferring to emigrate 
rather than adopt what seems to them an un-American intensive 
farming. 

WESTERN KANSAS. 

The conditions upon the Great Plains are epitomized in western 
Kansas, and therefore a brief discussion of this area may not be out 
of place. It may be asked, why should further efiorts aud encour- 
agements be given toward the development of agriculture in such 
regions? Has the w'orld not heard enough of droughts and crop 
losses, of famines and suffering, of abandoned farms and worthless 
Kansas mortgages ? Why interpose to prevent the country from going 
back to its former conditions? It was, and can be, a magnificent 
grazing land. As a stock range it will oontributo to individual aud 
general wealth without groat risk of hardships aud losses. 

In answer to such questions and assertions, it is not enough to point 
to the hopes of persons desirous of selling out oi* to the too sauguine 
expectations of those who, encouraged by occasional success, have per- 
sisted in their efforts to make homos. It must be shown that there are 
substantial foundations for such hopes and expectations; that there 
actually exist resources worthy of better directed and more prolonged 
endeavors. 

The conditions prevailing in western Kansas arc not unique. The 
rich soil and capricious rains are found over vast areas, embracing, 
as before stated, i)ortions of at least ten States. Ultimate success or 
failure in this locality encourages or retards home making in others. 
The struggles in western Kansas are, therefore, not without interest 
to the nation as a whole, for if once victory is assured, hundreds of 
communities will be benefited. Public interest is drawn here because 
attempts at settlement have been made in greater numbers than else- 
where, expei’iments have been conducted on a larger scale and in a 
character more varied, and the difficulties now appear to be more 
fitearly pvercorae. Thus, it seems i)roper, as an introduction to ge^ieral 
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ittWiiagatioiis m titte aubhumid Great Plains region, to give first attea- 
tiaa to western Kansas, to mention the results of trials and failures, 
and te outline what seems to be the road to success. 

At least two things have been clearly proved. One of these is that 
tihe soil is very rich; the other is that the ordinary methods of farm- 
ing aro not adapted to the climatic conditions, and the farmer must 
laboriously unlearn much that he has acquired elsewhere. By re- 
peated failures it has been shown that he must adjust his methods to 
fit more nearly the requirements of nature. 

Hilgard has emi)hasi2ed the fact that the soils of the arid and sub- 
humid regions are, as a rule, as good as, if not better than, the best 
of those of humid lands. It is incredible that, with these great nat- 
ural advantages of soil and sunshine, American ingenuity and persist- 
ence can not find a way to overcome in some degree the evil results 
of deficient or capricious rainfall. This is the great problem which 
the inhabitants of the subhiimid plains have before them, and one to 
which the General Government can properly give attention. Not 
only is the prosperity of several States concerned, but, even more than 
this, the United States is the great land owner, stiU possessing many 
millions of acres of rich soil which should be put to better use than 
that of furnishing scanty forage. Such lands ‘‘deserve the most earn- 
est attention both of agriculturists and of student s of natural economy, 
for in them lie possibilities for the abundant sustenance and prosper- 
ity of the human race that have thus far been almost left out of ac- 
count. While it is true that irrigation water may not be practically 
available for the whole of the arid (and subhumid) regions of the 
globe, so much remains to be done in the study of the most econom- 
ical use of the water, of appropriate crops, and of methods of culture 
that even an approximate estimate of actual possibilities in this direc- 
tion can not yet bo made. At all events it is of the highest inteicst 
to study the problem of the reeiamation of this intrinsically rich land 
in all its phases.” ^ 

IRllKMTTON ESSENTIAL. 

The settlements upon the Great Plains have proceeded gradually 
westward from the well- watered Mississippi and lower Missouri, 
advancing step by step up the gradual slope which extends toward 
the base of the Rocky Mountains, and pushing by slow degrees into 
the well-defined subhumid regions. The farmers have been tempted 
on and on by the fertility of the soil, which, instead of decreasing in 
richness, has been found to be equal, if not superior, to the lands 
washed by frequent rains. During the years or series of years in 
which the rainfall was more abundant or better distributed through 
the growing season the agricultural areas have leaped forward from 

E. W. Hilgard, Stepi>es, Deserts, and Alkali Lands. Popular Science 
Mcmthly, p. 609, March, 1896. 
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county to county toward the west, and the farmers have deta^il^ 
themselves with the belief that with the breaking of the praiiia-aed» 
the building of railroads, and the advent of civili2ation the dlntiito 
was becoming more favorable to their operations. 

Succeeding years, with a rainfall at or below the average, have 
beaten back or driven out many of the financially weaker or more 
easily discouraged of the settlers, and thus the tide of emigration has 
ebbed and flowed, each succeeding wave in general less vigorous than 
the first. Such vicissitudes, however, can not lead to prosperity and 
contentment. It is evident that they can not continue indefinitely, 
and that there must bo a better adjustment of man to his environ- 
ment, or he will be the loser in the end. Temporary or trivial es^edi- 
ents will not suffice. The heavens have been bombarded in vain, 
both with supplication and with dynamite. Somewhat slowly and 
unwillingly public attention has at last settled itself upon irrigation, 
and in this seems to be the salvation of the country. The water sup- 
ply at best is small and its source and availability have by no means 
been self-evident. There are a few perennial streams Avithin this vast 
area, but these attain notable size mainty at points where the condi- 
tions are such that the water can not be dh^orted and used econom- 
ically or efficiently. 

The widely distributed and yet relatively small supplies of water 
to which reference has been made are in the pervious, unconsolidated 
rocks or sands underlying portions of the Great Plains, especially 
along and in the vicinity of the broader river valleys. The problem 
of how best to bring these waters to the surface and utilize them is 
that which peculiarly distinguishes the Great Plains. The solution 
is best seen in western Kansas, for here hundreds of individual efforts 
have been made and success has been attained to a larger degree 
than elsewhere. 

Almost anyone can irrigate with plenty of water. In other words, 
where a considerable volume is to be had at any ono point within the 
arid or subhumid region a very moderate exercise of skill and judg- 
ment will enable the farmer to produce a crop of some kind. He can 
hardly fail to raise something, oven though he drowns out a part of 
his field and leaves another part too drj% There must generally be 
some portion upon which the crops are remunerative. On the other 
hand, whore, as in western Kansas, the water must bo pumped from 
underground or stored in reservoirs, every gallon means a certain out- 
lay. The quantity is usually limited, and a high degree of skill and 
judgment is required in order to utilize this water to the largest pos- 
sible degree and produce a crop whoso value shall repay not only the 
labor of cultivating, but also the cost of the water applied. In the 
case of the little ditches constructed from the mountain torrents in 
the arid region, a comparatively small outlay of labor was requ&ed 
in order to bring a considerable stream to the agricultural land. 
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Vtime the water is to be pumped, however, not only labor, b\it some 
capital, must be invested and continued to be employed until the crop 
is ready for the harvest. Since this first investment is usually large, 
and severely taxes the ability of the individual farmer, it is of vast 
importance to him that every step bo taken in the right direction and 
that he make no mistakes. 

In the subhumid region, especially where croi> failures year after 
year have discouraged the farmers and have brought them almost to 
penury, the few hundred dollars required to start a small irrigating 
plant is a very great sum, and if not rightly expended may mean 
absolute ruin and loss of homestead. It is therefore especially impor- 
tant that in such undertakings no mistake bo made. In the valleys 
of the arid region, if a farmer has not properly located his ditch, it 
may be possible for him to alter and improve it by his own labor or 
by assistance from his neighbors, but in the case of machinery or ap- 
pliances used for raising water changes or alterations are far more 
difficult, if not impossible. 

The attitude of the people of the su])liumid region toward irriga- 
tion has been peculiar. They at first deemed it absurd, injurious, 
or impossible, and the man who held that irrigation was the proper 
and best thing was denounced as a public enemy and as casting dis- 
credit upon the region by advertising its disadvantages to the world. 
If he persisted in his unpatriotic course, it was considered enough to 
ask the question, ‘‘Where is the water to bo had; even if irrigation is 
of value, where are the rivers from Avhieh to derive the supply?” If 
for answer attention was drawm to the ground waters and to the pos- 
sible storage, the idea was regarded an laughable, and the advocate of 
irrigation was again asked, “How can you irrigate a section or even a 
quarter section by such trivial means?” If in reply the scoffers were 
told that it was not proi>osed to irrigate large areas, but to confine 
the attention of the farmer to 40 acres or even to 10 acres, contempt 
for such methods could scarcely find expression in words. 

The idea that any man on the boundless plains would concentrate 
his energies on 10 acres has seemed ridiculous. Yet this is what stern 
necessity is compelling the farmer to do, and is making him unlearn 
his old habits and methods, relentlessly forcing him to abandon the 
cultivation of great areas, turning them over perhaps to grazing, and 
giving his main attention to the few acres almost within a stone’s throw 
of Ms door. As a rule, the most successful men are those who have 
learned this lesson well, who have tried to do a little less than they 
considered could be done well, and who have practiced an untiring 
perseverance in adopting better methods in applying water and in 
cultivating the soil. 

Within the past few years, or even months, public sentiment has 
undergone so great a change, from ridicule and skepticism to con- 
fidence in irrigation, that there is danger of rushing to the other 
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extreuxe* It is naw generally recognized that irrigation is pra^tiiMlShS 
at many localities, and with the enthusiasm that oharaotemes new 
moToments, its sanguine advocates make excessive claims. TSiey 
attempt to show that a great part, if not all, of the country can be 
irrigated, that water can be had almost anywhere, and that with a 
suitable irrigation plant the farmer is insured against all future loss 
and discouragement. The actual conditions are far otherwise. It is 
hardly probable that more than a small percentage of all the fertile 
land can be profitably irrigated, and exj^erieiice has shown that, while 
irrigation is feasible and profitable, it is so only when something 
besides a supply of water is obtained. Successful irrigation means 
high-grade farming. It means the oanploymenl of intelligence and 
X)ersistent labor. Unlike wheat farming, for instance, the work of the 
year is not concentrated into a few weeks or months, but for good 
results must be continued in one form or another almost eveay day. 
It is not suffiicient to raise a single crop or a single kind, but if practi- 
cable two crops at least every year should bo raised, one immediately 
following the other, and the di^^ersity should be such that the water 
can be used to good advantage at short intervals. In other words, 
successful irrigation means diversified fanning and the highest type 
of agriculture. 

In order to start right, to eiiix>loy the best device for getting the 
water, to use tlio w^ater most efficiently and economically, to cover tiie 
largest area of ground thoroughly, to raise the best crops of fruits, and 
to carry on all the higher si)ecializod methods which make irrigation 
farming profitable, it is necessary to have a largei* knowledge than is 
possessed by the ordinaiy farmer and to keep abreast of the clianges 
or improvements constantly being made. For this reason there is a 
wider field of study required and more opportunity for investigation 
both by the individual, the agricultural exx)eriment station, and the 
experts of the General Government. In many respects our knowl- 
edge of irrigation has as yet advanced little beyond that of tho^rly 
Egj'ptians. The process has been one of imitation or of individual 
tests through reix^atod failures. 

SOURCES OF WATER. 

The first and greatest problem is wdiere and how to obtain sufficient 
water. Considering indgated regions as a whole, the source of water, 
outweighing in importance all the rest, is that of the surface streams— 
the creeks and rivers. Secondary to this are the whalers of intermit- 
tent streams or of occasional storms held by systems of reservoirs or 
Inige tanks; and, third, the waters pumped or lifted from beneath the 
surface. A fourth class might be added, that of flowing weUs, but 
these are so unusual in character and occurrence that they can hardly 
be considered as important factors in this method of agriculture. In 
western Kansas, and in the Great Plains region in general, straom 
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waters, as has been pointed out, are exceptional in oocxirrence, and 
cam play but a relatively small part, while on the other hand the 
widespread distribution of water-bearing rocks renders wells of 
importance. 

STREAMS. 

The typical river of the Great Plains, and one of the first as regards 
the quantity of flood waters, is the Arkansas. This rises in the moun- 
tains of Colorado, flows in a course a little south of east into Kansas, 
continuing this direction for about 140 miles, then turns toward the 
northeast, and, describing a huge loop or bend, finally passes out of 
Kansas toward the south into Indian Territory. It drains, in round 
numbers, 24,600 square miles of Colorado before reaching Kansas. Of 
this area, that above Pueblo, 4,600 square miles, may bo considered 
as mountainous, yielding a large i)eronmal supply of water. The 
remaining 20,000 square miles are mainly plateaus and undulating 
plains from which an insignificant amount of water flows, except in 
time of flood, wlien vast volumes are poured into the stream, swell- 
ing it in a few hours to a raging torrent. The average discharge of 
the river at Canyon City, 70 miles above Pueblo, is a little over 800 
seeond-fcct, and at Pu(3blo 1,200 second-feet. The greater part of 
this water is used for irrigation, and during the spring and summer 
little, if any, passes into Kansas except that from a local storm or a 
cloud-burst. At one such time a quantity of water amounting to 
30,000 second-feet or more was discharged for several hours, washing 
out bridges and causing general destruction. This amount was doubt- 
less increased to 40,000 or 50,000 second-feet by the time it reached the 
Kansas line. 

Along the Arkansas River in Colorado almost innumerable ditches 
and canals are taking out water, and in particular below Pueblo are 
the largo irrigating systems under which is a considerable part of the 
agricultural poi^ulalion of the State. Many of the larger canal com- 
panies have constructed tight dams across the river capable of divert- 
ing the entire low- water flow of the stream. Tlioso are placed at 
intervals of from 10 to 20 miles or more. In the case of those pos- 
sessing priority of rights, the entire discharge of the stream is taken 
and the bed of the river is left dry below the dam. In the case of 
others a certain portion of the water is allowed to i)ass by the dam 
under the direction of the water commissioners. Even though all the 
water is taken at one point, there is usually a sufficient amount of 
seepage to sui)ply a small stream in the river bed, and this, increas- 
ing in the course of a few miles, furnishes, even in times of extreme 
drought, a small amount to the canal heading next below. 

The aggregate capacity of the canals construct ed or partially com- 
plete is far in excess of the ordinary flow of the ri^'er, and even by the 
employment of all the seepage water there must apparently be less 
than the amount needed for the cultivation of all the arable lands 
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imddr the extensive systems. Beservoirs are already being built te 
bold a part of ibe flood waters of the river, and it is highly protnlile 
that larger nndertaldngs must be shortly inaugurated if a permaamiit 
supply is to be assured for canals now under construction. 

Owing to the largo and increasing utilization of the water of the 
Arkansas Biver in Colorado, the bed of the river is dry, throng the 
greater part of the year, at points above the Kansas line, and there 
Me comparatively few weeks during which a notable stream is flowing. 
As a whole, the time during Avhich water is flowing in the river must 
decrease as irrigation above increases, and there will ultimately be a 
condition of things in which only the excess water of floods will pass 
down. Thus little dependence can be placed on the surface waters 
of the Arkansas River, and if irrigation in Kansas were dependent 
upon these it would be doomed. 

The same general statement applies to the Platte River and to other 
lesser streams coming from high mountains and crossing the plains. 
The headwaters of the Platte interlace with those of the Arkansas, and 
the minor tributaries flowing ea.stward and northAvard are to a large 
extent diverted into canals within the foothill region. The South 
Platte is thus deprived, for the greater part of the year, of all water 
long before reaching the Nebraska lino. The North Platte, on the 
other hand, flows through a le.‘'S populous region, and its waters have 
not been taken out in Ws'oming to an extent to appreciably affect tbs 
annual flow. With the completion of many i)roject8 now on foot it 
appears probable that the large irrigation canals in the lower port of 
the river may at times be deprived of the full flow of the stream. 

Besides the mountain rivers there are a considerable number of 
streams whose sources are well within the Great Plains. These derive 
their supply from springs fed by the rain water caught in thick depos- 
its of sands and gravels. The water's thus obtained percolate slowly 
toward the lowest points, and are discharged in springs often perennial 
in character. These streams, however, haA'e usually a gentle grade 
and can not readily bo diverted into canals. Their Avators, as a rule, 
are available only through some method of pumping. 

STORM AAAIKRS. 

The localities which can be supplied by ditches from perennial 
streams are, as may bo inferred from what has been said, relatively 
small when compared with the total extent of fertile land. Even along 
watercourses which on a map appear to bo of considerable size a caro- 
ful survey shows that there are not many points where a reliable sup- 
ply can be had. On the other hand, it is evident that from the size of 
the catchment basin and the known rainfall there must be a consid- 
erable volume of flood waters. The question at once arises whether 
a portion at least of this excess can be held for a few weeks or montihs 
until the- time of need. It is well known that in other countries 
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irrigation is successfully practiced by means of water storage, and a 
large agricultural population prospers in a dry country where no living 
streams are to be found. Fortunately there are a number of examples 
of the utilization of this source of supply. Instances can be cited 
showing its feasibility and also indicating the disadvantages attending 
it and the obstacles to be overcome. 

The reports showing the quantity of water flowing in the streams 
from time to time give the gfoss amount, both in flood and in time of 
drought. These figures, however, may be somewhat deceptive, esi>e- 
cially those which give the maxinium discharge of the stream ; and 
estimates of reclamation of arid lands should not be based wholly upon 
the maximum quantities, for the reason that it is obviously impracti- 
cable in many instances to store this great quantity of water. Stor- 
age projects at best are expensive, and to repay their cost and be of 
benefit to the farmers each reservoir should receive yearly a sufficient 
quantity of water to nearly fill it. 

Tliere are few localities where it will be possible to hold water from 
one year to another on account of the expense involved, and by far 
the greater number of projects must depend upon a constant supi)ly 
of water. To do this it will be impracticable to construct reservoirs of 
such size as to hold the greatest flood, and as a general rule it may 
be said that engineers will favor a reservoir whose content is some- 
what less than the average storm dischaj*go of the stream. To illus- 
trate; If the stream from which the water is to be taken discliarges in 
one year thi-ee times as much as in the year preceding or the year 
succeeding, it will rarely be i)rofitable to construct a reservoir of size 
sufficient to hold more than the smaller flood mentioned; for if built 
to hold the highest flood it may be only partially filled for several 
years in succession. Theoretically, it would be bettor to liold the 
highest flood and keep the water over from year to year; but practi- 
cally there are so few localities where this can bo done that these 
places may be regarded as exceptional. 

The construction of reservoir dams of any considerable size should 
not be undertaken without consulting an experienced engineer. In 
fact, there should bo a provision in the law of every State requiring 
supervision of such construction by competent State engineers. A 
dam is in one respect a defiance of nature, and all its forces con- 
spire to pull the structure away sooner or later. It must therefore be 
carefully watched and afforded every protection, for a slight leak or 
the overtopping of the dam by an excessive flood may mean destruc- 
tion of property, and even of human life. 

The possible dangers from dams should not, however, act as a 
deterrent, any more than the occasional accidents upon railroads 
should be considered as sufficient argument for their restriction. 
With proper care storage reservoirs can be made, as shown by 
12 a96 12 



178 TEAUBOOK OF THE U. S. DEPARTMENT OF AGRICULTURE. 


th(3 liistory of India, to last for many centuries, benefiting great 
communities. By using proper precautions a farmer may build upon 
his own land earth, rock, or timber dams which, if properly kept in 
repair, will be of incalculable benefit. (PI. III.) 


The most important source of supply for the Great Plains region 
is, and probably always will be, wells. . There is reason to believe 
that considerable areas will bo irrigated by gravity systems from the 
rivers and from storage reservoirs, large and small, built to catch 
the intermittent streams and flood waters ; but taking all things into 
consideration, it will be conceded that ordinarily wells can be had 
over a larger area and i)osseas such advantages tliat they must come 
first ill the development of agricAilture by irrigation on the plains. 

Irrigation by water from a well, if the latter yields a good sni)ply at 
moderate depth from the suiiVvCe, possesses certain advantages over 
that from a gravity siqiply, in spite of the usually greaier annual cost 
of procuring the water. The wells and the source of Avater are, as a 
rule, under the individual (control of the irrigator. It is not necessary 
fo)' linn trO combine with other men and to invest large capital in a com- 
idicated undertaking before ho can receive any benefit. It is often 
possible for the farmer to dig or drill the Avell himself, and he can pur- 
chase, soiactiiiKiS on ci‘edit if necessary, the machinery, Aviudmill, or 
jiump for bringing the water to tlie surface. Being under his own 
supeiwision, he can apply the vater Avhonever in his judgment llie 
plants need it, not being coniiielled to wait his turn or to take water 
at inconvenient times, Avhethor day or night, according as it may lie 
allotted under a large irrigating system. 

Considering any one locality or farm, the question whether the water 
supply can be obtained is one for dotermiualion on the spot. It is 
often imssible for the fariaer lo judge from the experience of his neigh- 
bors whether he can sink a well successfully at one point or another. 
If, however, his place differs widely in general location or in other con- 
ditions, so that he can not safely use the experience of other's, then he 
must either trust to chance and dig his well at a point where it will bo 
most convenient or, if practicable, consult some geologist or oilier 
person who has made a careful scientific study of such matters. In 
determining upon the location for a well it is generally useless to 
consult the professional well driller, unless ho has put down other 
wells within a few miles and has considerable local knowledge. It 
scorns hardly worth staling in this connection that money expended 
in the employment of the so-called water witches,” or men who use 
the divining rod, is worse than futile, as it merely encourages fraud. 

It is often assumed that because the plains have such a uniform 
outward appearance their underground structure must necessarily be 
as featureless. But, on the contrary, there is a considerable diversity 
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in the order of arrangoment beneath the surface. In some pla^^es 
there are thick beds of sand and gravel filled with water, from which 
such quantities can bo obtained as to lead to tlie i)oi)ular stateineiit 
that the wells are inexhaustible. On the other liand, large tracts 
have, at a short distance beneath the surface, imx>ervious beds of 
shale of a thickness of a thousand feet or more, conlaining little water, 
and this usually brackisli or strongly wxline, so that wells sunk into 
it are valueless. All those conditions of underground structure are 
the results of different conditions prevailing in past geologic ages ami 
are capable of exact definition and mapping by the skilled geologist, 
so that when once the area has been thoroughJ^^ studied there sliould 
bo no uncertainty to perplex the individual farmer as to whether it 
w ill pay him to inv<^st money in W'clls, or whetln^r by going dccxior he 
c(»uld imx)rovo his supply. 

It has soimdimes hovn asserted that watc^r from w^elLs is not as val- 
uable for i)nrposcs of irrigalioii as that from rivers, because the lat- 
t(‘r, especially during spring fioods, bring a considerable amount of 
silt, which, duriug irrigation, is carried out on the land and being de- 
l)o,sitcd serves as a fertilizer. The importance of this effect is in tlio 
X) 0 X)nlar mind often greatly exaggerated. The greater part of the silt 
brought into a canal is deposited in the main ditches find laterals, fill- 
ing lhes(s and necessitating a considerable annual outlay to keej) them 
cl(‘an. The amount of nialmaal which actually is dex> 08 ited iii)on the 
cullivatc'd land is in geii<‘ral insignificant, not being equal to a few 
loads of ordinary fertilizer. Tins has been [minted out by lb*of. E. 
W. Ililgard.^ He show^s tlial even in the case of the Nile the mud 
(leiK)sit-ed amounts to only about 5 Ions per acre, and that similar 
lands irrigated by clear water are just as productive. It is not so 
much the fertilizing character of the sediment as it is the scarcity of 
rainfall and tlie consequent freedom of the soil from leaching, as well 
as the beneficial effects of the warm, dry elimato, which produce tlie 
great crops. 

Well waters i^ossess a more decided advantage in their freedom from 
noxious seeds. In the walei-s of the ordinary ditches, deriving their 
sui)xfiy from a stream flowing ihi'ough several valle 3 %s, there is usually 
to be found a great Amriety of seeds blowui in by the wind or picked 
up during floods. These arc (»arried along into the laterals and out 
over the fields, causing plants to start, some of wiiich are exoeedingl}’’ 
difficult to eradicate. This Is especially true if a new crop of wamds 
is allowed to gain headway after each irrigation. 

METHODS OF OBTAINING WATER, 

After the farmer has settled upon the source from which w aler for 
irrigation can be obtained, the next problem Avhich ho encoiintors is 
th«at of bringing the water to the point whore it is to bo used. If the 


^ Popular Science Monthly, March, 180G,p. 605. 
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Bouree of supply is at a Mgher level tlwn the land to be irrigated, this 
is nsnally a simple matter. This may be considered the rule through- 
out the greater part of the irrigated area of the arid region, as the 
water is brought by gravity through canals and ditches from streams 
diverted at some point higher than the lands to be irrigated and car- 
ried often by circuitous routes to secure a gentle grade. If water is 
stored in a small reservoir or tank on the farm, it can of course be 
conducted either through eartlien ditches or by pipes or ilumes, accord- 
ing to the xindulations of the ground. In the Great Plains region, 
however, the greater part of the water for irrigation is to be found 
either underground or in ponds or streams whose banks are of such 
chai'acter that, as before stated, gravity ditches are out of the ques- 



Fig. 8SJ.— a homemade jumbo windmill. 


tion, or where the lands to be irrigated lie above the usual water level. 
The great problem, then, of obtaining water is that of pumping it at 
a cost so low that this operation can be performed with profit. 

The question of pumping water merely is not a difficult one. 
Devices for lifting water are older than written history, and various 
forms of pumps are used on almost every farm in the country, every 
eitissen being familiar with a number of ways of lifting water. (Fig. 82. ) 
But the question is not simply to lift the water. It must be lifted 
la large quantities, and, more than this, the cost of so doing must 
be extremely low — so low that it shall bear but a small proportion to 
the value of the crops produced. This last requirement is really the 
obstacle to the widespread development of agriculture by irrigation 
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upon the Great Plains. There the distances are great from farm to 
town and from the producer to the consumer, and the value of the 
erops are correspondingly low; so low, in fact, that undoubtedly many 
products are not worth what they have cost if the farmer’s labor were 
considered as being paid for at moderate wages. To pumj) water, 
therefore, to increase the yield of wheat or corn which must compete 
with that raised in humid regions is obviously out of the question. 

The cost of pumping the great quantities of water used in irrigation 
prohibits the raising of water to heights of much over 50 feet. There 
are, of course, exceptions to any such rule, especially in the case of 
windmills and of hydraulic engines or water wheels. Claims are made 
that irrigation water has been pumped or lifted to heights of 200 feet, 
but such instances are rare and not well authenticated. 

POMPS. 

In considering what kind of a pump to use, the farmer must of neces- 
sity determine at the same time upon the motive power, for, while 
some pumps are independent and may bo driven by almost any kind 
of an engine or even by animal power, others are inseparably connected 
with the actuating mechanism or are designed for some particular pur- 
pose, as, for example, a windmill. 

The simplest device for raising water is the open bucket. This 
when suspended from a well-sweep or hung in various ways has been 
used from long before the dawn of civilization down to the present 
day. In India and Egypt, where human labor is exceedingly cheap, 
considerable areas are irrigated by water lifted by men using buckets 
or woven baskets. Such methods are of course inapplicable to this 
country, but by having the buckets driven by machinery there results 
one of the simplest and most efficient devices. This idea occurred to 
primitive man, and there are to be found throughout the Old World 
water wheels carrying buckets on their I’ims lifting water into elevated 
troughs, or buckets tied together in an endless chain by ropes and 
lifted by animal power. This latter is known as the Persian wheel, 
pei’haps one of the most widely employed mechanisms for irrigation, of 
great antiquity, and yet reinvented in almost every rural community. 
These wheels, or bucket pumps, as now used for irrigation, consist of 
an endless chain of small buckets extending down into the well and 
up vertically to the height to which water must be delivered to flow 
out to the land. This height is in practice limited to about 20 feet. 
The buckets descending empty and ascending filled are discharged at 
the highest point. (Fig. 33.) The machinery for raising them may 
be driven either by horse power, as in the case of a thrashing ma- 
chine, or by a steam engine. Windmills have been used but little for 
this purpose, owing to their varying speed. In, this kind of pump 
the water is lifted with the minimum amount of friction and useless 
expenditure of energy. 
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A modification of the common Persian wheel used to a small extent 
for irrigation is the form in which the buckets, instead of moving 
freely upward, pass through a pipe or a long rectangular box in which 
they fit quite closely. Instead of being of bucket form, they may be 
flat, and are then known as ‘‘flights.” These, ascending with consid- 
erable rapidity, carry ahead of them a body of water of which only 
a small jiroportion has time to run backward ifi the course of its 
progress from the bottom to the top. 

By far the greater number and variety of ordinary pumps may be 

classed under the head of piston 
or plunger. These are almost 
infinite in iiuml)cr and are the 
kind ordinarily employed with 
a wind milk They depend for 
tlu'ir aetlon upon two or moi e 
valves and upon the lifting or 
displacing of the water by the 
alternate forward and ba(?k, or 
in and out, movement of the 
piston rod. In geuei*al ])i*inci- 
pies tliese pniui)S are too well 
known to require descri])tion. 
In size they range from lli<‘ ordi- 
nary pitcher pump, to be found 
at almost every country house, 
up to the niassiv’O water eyl in- 
del's of the compound condens- 
ing engine built for great cities 
or for draining extensive Jidnes. 
Tlieir cost is as varied as their 
size and intri(‘a(‘y, and can best 
be as('ertaimKl by each individ- 
ual congnlting for himself the 
nearest deahu'or the catalogues 
of well-known manufa(diircrs. 
For iri'igatioii such pumijs are 
driven by windmills, by steam 
engines, or by gasoline or hot-air motors, and in some instances, notably 
in the vicinity of Grand Junction, Colo., and on the Yakima River in 
Washington, by Avater whoids. Although widely known and generally 
used for jiumping, yet for iiurposcs of irrigation they arc apparently 
being supplanted to a considerable extent by valveless pumps, such 
as the Porsian-wlieel type or the centrifugal form. 

The centrifugal pumps possess an advantage not only in being valvo- 
less, and therefore less liable to injury by sand and floating obstacles, 
but also in the fact that tliey run continuously in one direction and do 



Fjn. 33.— Bucket pump operated by 'svindmiJl 
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not have tlio reciprocating anotion of tlie various forms of plunger. 
Tlio principle of their action is that of a rapidly whirling body throw- 
ing objects from its surface. Blades of suitably proportioned fans 
arc caused to revolve rapidly in the water, and the masses thrown 
away are confined in a box or pipe in such manner as to bo forced up- 
ward or outward, their idaco being supifiied by succeeding (luaiitities. 
These pumi)S are designed not only for purposes of lifting water, but 
oven for transporting mud, sand, and gravel, and therefore can not 
be s(3riously injured by the muddy water often used for irrigation. As 
a rule, they are driven by steam i>owor, as their efficiency depends upon 
the rapidity of motion. Some forms of centrifugal i)ump, however, 
have been designed for iKse with horse power (fig. fi4) and even for 
windmills. 

Closely related to the ccntrifxigal pumps are various forms of rotary 
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wat(U’ engiiie.s, in which the moving ])arts, instead of traversing for- 
war<l ajid back>vard tlie hmgth of the cylinder, revolve around in it 
or in several i)ortions of cylinders lying side by side. These also de- 
pend for eflicieney ui)on rapid motion, and are so couslructed that 
ordinary muddy wat(‘r does not injure them. 

Besides the t^^pcs above described tliero arc a number of hydraulic 
engines, such as rams or modified siphoiis, which depend for their effi- 
ciency upon the momentum of a column of water suddenly brought to 
rest. The ramming force of this large column sends fo)‘ward a small 
part of the total amount to a higher elevation than that of the source 
of the main supply. These devices are useful wherever they (jan be 
installed, but they only deliver from one-seventh to one-tenth or less 
of the water whicli falls from a higher to a lower elevation, and t^hey 
have therefore a limited use. 
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There are also olTered to the irrigators a few pumps of low lifting 
power whose action is due to the condensing of steam and the conse- 
quent inrush of water to fill the vacuum created. These pumps, 
though extremely simple in principle, are often complicated in con- 
struction, and have in many instances failed to operate properly when 
not under the direct charge of a skilled mechanic. 

In placing any form of pump in a well, care must be taken that the 
water flows freely toward it. For this reason it is desirable that wells 
from which considerable quantities of water are pumped shall be of 
sufficient size and shape to enable observation to be made of the 
behavior of the pump and of the level of the water surface. In 
many cases irrigators, misled by the common use of the term “under- 
flow,” have assumed that the water underground must flow rapidly to 
their wells and have sunk pipes into the water-bearing strata, connect- 
ing pumps to those as though they led directly to an open body of 
water. Powerful windmills have been provided and strong pumps 
attached in utter ignorance of the fact that the water can percolate 
but slowly through the ordinary sands and gravels. As a result, dis- 
appointment and loss of investment have ensued, and the farmer, 
instead of digging out a suitable well, has condemned the ]>umping 
machinery as defective. Tf an open pit had been x)rovided in the first 
instance, he would at least have seen where the source of trou])le lay 
and probably have been able to secure a larger supply of water by sink' 
ing numerous connecting wells. 

WIN1>MILLS. 

Of the devices for operating pumps for irrigation Tix)on the Great 
Plains, windmills are undoubtedly the most im[)ortant, and they will 
always remain so from the fact that the winds blow almost incessantly 
over this vast country. The i>ower of the wind in the aggregate is 
something that can not be couiju’ehended, and the windmills at best 
utilize only a small fraction of the force available in an infinitely 
small i)art of the moving air. As far as the total X)owcr is concerned, 
it is impossible to build machines too big, but mechanical skill soon 
reacdies a limit. Practical ai)plication stops far short of the theoret- 
ical possibilities. A high degree of efficiency is not as essential as in 
the case of steam and other motors, because of the fact that there is 
power in excess and costing nothing. In the ordinary steam engines, 
however, fuel is the great item of exi)ense, and the amount used must 
be cut down even at considerable outlay in first cost of machinery. 

The forms of windmill are so diverse that a volume would be re- 
quired to describe them, but for the purpose of raising water for irri- 
gation the available types are comparatively restricted. There are, 
however, a considerable number of windmills on the market, many of 
which are being used successfully for raising water for agricultural 
purposes. It is, of course, impossible to recommend specifically any 
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of these, but the farmer intending to introduce irrigation should ascer- 
tain what kind of windmills, if any, are used in his locality or county, 
and endeavor to make use of the experience of others. If this can 
not be done, negotiations should be entered into with reputable finns 
who have been handling windmills for a number of years and wliose 
business standing is such that they can not afford to sell or erect an 
inefficient machine. By taking these precautions the farmer will be 
reasonably sure of obtaining a good mill. 

All things considered, the simpler the mechanism of a windmill tlie 
better. For use upon the Great Plains a complete metal construction 
is preferable to wood. One warning should be given, liowevei’, that 
extreme lightness and cheapness of construction should bo looked 
u])on with suspicion. There are a considerable number of mills on the 
market wliose first cost is low, but whose expense for maintenance 
and repairs is extremely great. 

The cost of a good windmill erected in place and attached to an 
efficient pumj) will of course be dependent not only upon the kind 
of machinery, but also upon the location of the pumping plant, the 
cost of freightage and handling being a relatively important item. 
In round numbers it maybe said, however, that uiiou the Great Plains, 
at moderate distances from a railroad, a windmill with wheel 8 feet in 
diameter and suitable pump placed at a depth, say, of from 20 to 40 feet 
from the surface can bo had complete for from $70 to $125, a ]2>foot 
mill will cost from $100 to $200, and a IG-foot mill from $175 to $300. 
The cost of the individual items can best bo ascertained from dealers’ 
catalogues, as these flinduate with the changes and improvements 
introduced. It is, as a rule, wiser in imocuring an irrigating plant of 
this character to purchase a moderate-sized or small wheel at first, 
this being pron)erly i)roportioned to the size of the pump and the 
amount of water to be had. If the farmer is successful with this 
smaller machinery, he can readily supplement it by other Avindmills at 
a later time, and by giving careful attention to tlie details of a small 
mill and limited acreage lie will have greater ehan(;es of su(*cess. 

Att»ention to details is, in fact, the ke^uiote to good fortune, not only 
with the windmills and other machinery, but in the practice of irriga- 
tion itself. The windmill is a iiiece of machinery which, with moder- 
ate care and the exercise of common sense in kcicping it oiled and 
properly adjusted, will last for many years. But no matter how sim- 
ple or how strong, it can not be exjiected to run month after month 
without care. It has sometimes been assumed that irrigation is the 
lazy man’s way of farming, and that all there is to be done is to procure 
a supply of water and let it flow upon the ground. It is through this 
mistaken idea that so many failures have been made upon the Great 
Plains. It does not follow that where the rainfall is slightly deficient 
all that has to be done is merely to supply this shortage. Far more 
than this is essential. Not only must all the devices for getting the 
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water to the ground be kept hi constant order, but the soil itself must 
bo given unremitting attention in cultivation after each watering. 

As a general rule, it may be said that the fast-running windmills 
witli backgearing are most successful. In these the pumi) rod is not 
connected directly with the shaft of the mill, making a stroke for every 
turn of the wheel, but a gearing is interposed, with the result that 
usually two or more revolutions of the wheel are required in each 
stroke of the iiuinp. This reduces the resistance to the turning of 
the wheel, allows it to run in a lower wind, and thus results in the 
pump being oi)erated on an average for a greater nujiiber of hours per 
day. If a idungor i)iinip is used, it is desirable to have one Avitli a i*el- 
atively long stroke, so geared that in moderately high winds the 
motion will not be so rapid as to cause the maclunery to pound at the 
beginning and end of each stroke. As ordinarily constructed, a con- 
siderable portion of the force of the windmill is emi>loyed destruc- 
tively in a rai)id succession of sudden jerks on the pump rod in its 
alternate up and down motion. For this reason a continuous-rnnniiig 
pump, such as a centrifugal, would bo more efficient if the driving 
power were uniform. 

STEAM ANJ> OTHER ENGINES. 

The most obvious moans of driving a ]>ninp, after the windmill, is 
the steam engine. Many fanners have already an engine for thrash- 
ing X)urposes or for othoi' work on a farm. It is comparatively a sim- 
ple matter to use this in driving a suitable pump, and the exi)eiiso is 
ill many localities so low that it is done with success. Where, how- 
ever, fuel is expensive, as it is liable to be upon the Great Plains, or 
where it is necessary to muxiloy a man of some considerable skill to 
run the engine, the cost may be xn'ohibitory. Theoretically^ it would 
be practicable for a number of farmers having moderate cax)ital to 
join together in the erection of a x>umx)ing x^ant similar to that con- 
strncled for city x^uiposcs. Many' cstiinal-cs have been made showing 
that under certain conditions of cost of fuel and efficiency of engines 
the lirst find annual exxiensofor^atcr is less than that from the aver- 
age of the larger canals throughout the country. Practically, how- 
ever, this condition has not y^et been realized, and so far as can be 
aseortained there are no steam i)umx)iug xdants in successful ox)era- 
tioii ui>on the Grijat Plains. A few have been oi’ccted, but from one 
cause or another these have not proved financially successful. 

Next to steam come tln^ gas or gasoline and hot-air engines. The 
makers of these claim that they can 1)0 used with great efficiency, 
and in a number of instances they are reported to be in active oper- 
ation. Either the first cost or the cost of the gasoline and of repairs 
must be greater than admitted by the owners or else there are iiracti- 
cal difficulties in their operation. The fact seems to be that up to 
the x> 5 ’Csont time few of these pumi>iiig plants have been installed. 
These engines nsually'^ require very^ little care and attention while in 
good order. 
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STORING AND CONDUCTING WATER. 

Having determined upon a well or similar source of supply and a 
method of raising tlie water to a height sufficient to cause it to flow 
to the land to be irrigated, the next point to bo considered is that of 
reservoir and ditches. Where storm waters are employed, the loca- 
tion of the reservoir is governed by the slope of the land, and the 
const ruction of this, if of considerable size, should be under the super- 
vision of a competent engineer. With the ordinary windmill irriga- 
tion it is usually the case that the reservoir can bo placed where most 
convenient. It is therefore desirable to so locate the point of storage 
that the ditches leading from it will carry the water to all points of 
the fields to be irrigated rapidly, and yet without such great fall as 
to wash the earth. 

I'ONDS AM> TANKS. 

The necessity of a iflaco for storing water where it is pumped or 
obtained in small quantities at a lime arises from the fact that irri- 
gation is only possible wdien a siiffieient ‘‘head” of water is at hand 
to produce a stream of as great size and velocity as can be readily 
controlled by one man with a hoe or spade. It is impracticable to 
irrigate directly from the ordinary windmill, ben^ause of the fact that 
the stream of Avr.tor tu]*ned into a ditch may continue for hours or 
even days without wettijig the ditch for a distance of more than 50 to 
100 feet, from the w'ell. Tlui winter soaks into the ground as fast as it 
is i)uniped ni)Ou it. Hut if this same amount of water is held in a 
tank or earthen I’oservoir of suOieieiit size, and is allow’’ed to aecuinn- 
lato during several days and nights of continuous pumping, there is 
then at hand a sufficient volume to make it possible to irrigate even 
the juost poi’ous of soils. The gate of the reservoir, wdieii opened, 
allow, s a stream of such size to issiu^, tliai only a redatively small pro- 
portion can soak into the ground on its w^ay to the cullivaled lands. 

Upon tlio Great Plains tlie method in most general use for holding 
whaler is that of utilizing small artificial i)onds with earthen walls. 
In a few inslances wooden tanks arc used, coustruelcd of staves held 
in place by iron bands, and similar to tJio w ater tanks constructed by 
railroad companies. The size of these latter, howu^ver, is limited 
and their cost relatively great, their disadvantage in tliis direction 
more than outweighing the economy elfectcd by reducing the loss 
from leakage and evaporation. 

In locating and constructing a small earthen pond it is noccssaiy 
to consider not only the convenience of getting water into and out of 
it., but also the conditions which determine the losses. The greatest 
of these is through leaks in the sides or seepage through the bottom, 
and next to this is evai)oration. This takes place only from the 
surface of water, and therefore the waste in this direction can be 
reduced by making the surface as small as possible relatively to the 
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voliime of water held. If two reservoirs are constructed, one 100 feet 
square and holding water to the depth of 1 foot, the other 50 feet on 
each side and holding 4 feet of water, the loss by evaporation from 
the first will be four times as great as from the second, because it 
exposes four times the surface area. That this loss from evaporation 
is a matter worthy of consideration may be seen from the fact that in 
the Great Plains region, with its dry winds and bright sunlight, the 
loss of water each day during the summer may be from one-quarter 
to one-half inch in depth, and during windy days may be upward of 
an inch. If, however, the depth of the reservoir is increased in order 
to diminish losses by evaporation, there is danger of increasing the 
pressure to such an extent as to force water out in leaks through 
the banks or bottom. Greater care must therefore be taken in con- 
struction. 

In order to prevent loss of water by leaking, it is desirable to select, 
if practicable, a place where the soil or subsoil is composed of a rather 
compact clay or of clayey loam. If, however, it is impracticable to 
find the right kind of soil at the desired elevation, then the reservoir 
can be built, but greater caution must be exercised. The size must 
depend upon the amount of water to bo had. As a rule, the reservoirs 
on the Great Plains are from 50 to 100 feet across. In shape they are 
circular, oblong, square, or rectangular. The circular form offers the 
advantage of presenting the least amount of surface for a content of 
a given quantity. The same is true of the square form as compared 
with the rectangular. Some irrigators, however, consider that either 
the oblong or rectangular shape is preferable to the circuhir or square 
form, because, if constructed with the long diameter or width across 
the path of the iirevailing winds, the waves created are smaller and 
less destructive to the banks. This is a matter of considerable 
importance where these are built of extremely fine, friable material. 

Having determined upon the location, shape, and size of tlie reser- 
voir, the first operation is to plow up and strip off the sod and surface 
soil where the banks are to be placed. All the sods, roots, and litter 
should be cleared away and the ground plowed, in order to make it 
possible to bind the new earth thoroughly with the undisturbed sub- 
soil. Earth is then hauled in by scraper or wagon and dumped upon 
the foundation thus prepared. It should always be brought in small 
quantities and thoroughly trampled by the horses or pressed down by 
the wagon wheels before another layer is put in place. If practicable, 
it is desirable, in building the reservoir walls, to raise the outside 
edges slightly above the center of the wall and let in, from time to 
time, sufficient waller to thoroughly wet the earth, causing it to settle 
more compactly. 

The width of the foundation will depend upon the height of the wall 
to be built. It is usually at least three times the latter, so as to allow 
gentle slopes both on the inside and outside of the reservoir. It is 
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preferable to have slopes of at least to 1, that is, for a distance 
measured horizontally on the ground of feet the rise should only be 
1 foot. The top of the reservoir banks should be at least 2 feet wide. 
If, therefore, the bank is 5 feet high, the slopes on each side will extend 
7^ feet. Adding to this the width of the center will make 17 feet in 
all for the foundation. Earth for building a wall should not as a rule 
be taken from inside the reservoir, as this serves to lower the bottom 
and may cause it to leak, or by being below the general level the pond 
can not be completely drained. 

In building the walls one of the first things to consider is the outlet. 
This should be placed in such a i)Osition that the water will be deliv- 
ered conveniently to the ditches, and its position should be so low that 
it will completely empty the reservoir. This outlet should be provided 
with a valve or gate on the inner side, so arranged that it is accessi- 
ble at all times. It is usual to construct this outlet of boards or plank 
in the form of a long box of from 8 to 18 inches in width and height. 
For permanence it might be better to use a metal pipe, but it is ])rob- 
able that the wooden outlet will serve for a sufficient number of years. 



Having placed the outlet box or pipe in proper position, great care 
must be taken in building the wall at tliis i^articular place to seoiirc 
a tight joint. (Hay should be carefully tamped around and under the 
box, and as an additional precaution it is well to i)rovido the box with 
wings or ribs i)rojecting outward into the earth bank and pi*oventing 
the percolation of water along the contact plane between earth and the 
wood or metal. The gate on the inside end of the outlet may bo of 
any one of a great variety of forms, from a simple board placed securely 
against the end to the expensive metal valve used for city purposes. 
One of the simplest and most efficient gates in use (consists of abroad 
plank covering the end of the box, which is cut off in such a position 
as to slope diagonally ujDward and toward the bank. The place of 
contact between the end of the box and plank covering it is lined with 
leather or some similar substance, insuring a tight joint. Tlie i>lank 
covering is hinged on tlie upi)er side and is extended diagonally 
upward by a stout bar. When this is grasped and pulled toward the 
bank, the valve is opened against the pressure of the Avater, and when 
the bar is released it is automatically closed. (Fig. 35.) 
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Afii^r tlie reservoir walls are built they slioiild be protected against 
tlio M^asliing of the waves. This can bo done hy placing heavy sod 
upon them, or, better, by covering them at the water line with broken 
loek if this can bo had. An efficient form of protection is made by 
roughly weaving willow twigs into a mat and holding this in place 
by stone or lai'ge sod. In course of time the willow takes root and 
holds the soil in place. In a small reservoir old i)icces of plank thrown 


Fig. 33.--f?ectio2i of field aaid latcjTijl clitcli. 


ui)on the water will 
. often suffice, as ilioso 
drift over to the side 
exposed to the waves 
andbreak their fore e. 


Th(^ next step is to r<uider the bottom thoroughly tight by what is 
known as puddling. If the soil is clayey, it may not bo necessary to 
resort to this, but if conii)osod of a light, sandy iiialci'ial there may bo 
nec(is:sity for considerable care and ior the oxci'cLso of much i)atien(*e 
before the reservoir w’ill be made rcjisoiiably tight. Puddling is ac^com- 
plirilicd by letting in an amount of water suiri(*i(mt to make mud and 
then driving animals round and round until with their f(‘ct they ha\o 
comi}lotcly worlred nji all ixudions of the bottom, destroying the poro.s- 
ity 1)3^ tramidiiig fine material into oveiy minute oritua^ If there is 
not a sufficient amount of edayo}" material to form a miidd}^ mass, tlien 
it will 1)0 iHH'essaiy to haul in a few loads of (da 3 ^ Short straAV, litter, 
a.nd manure can idso be used to advantage in a sand}^ soil. J> 3 " con- 
tinuing this pr()(*ess of i>uddling and adding sueli materials a reservoir, 
even on (^xti’cmel}" loose soil, can bo made j*(‘asonabl\'' tight. 


niTCIIES AND FLT'MFS. 


From tlK3 r(sscrvoir, whether constructed on a large s(*alo to liold 
stK)rin w^ater or of small size to receive the dis(djarg<‘ f»'om a pump, 
there must be pro- ^ 

vided suitable 
means of conduct- 
ing the water to the 
land. The simplest, 
cheapest, and most . 

widely used is the 
open earth ditch 

(fig.^>G)buillinsuch * J « .4 * / * V"-. i ^ 

a way as to have a 

gentte, uniform giuido snfficieutly groat for the water to flow with rai)i(l- 
ity and yet not to wasli the banks. As no natural surface is absol utcly 
uniform, it is necessary, in order to secave this grfidc, that the ditch 
wind about, following the contour of the surface. It is desirable, how- 
ever, on account of economy of expense and of water, that all ditches 
should be as nearly straight as possible, and to save distance it is 
sometimes necessary to build up the ditch upon a mound (fig. 37) or, if 




Fio. 37— SoHion of ruist'tl ilitfli. 
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tho depression to be crossed is too groat, to construct a flume. It would 
of course be better to use a pipe laid directly from tlio reservoir to the 
point where water is to be distributed, but tho expen.se, even of the 
chca])est forms, is too great to justify their u.se to any considerable 
exlciit for such crops as are raised ui)on the Groat Plains. In Cali- 
fornia where the citrus and other .semiiroi)ic fruits are produced, with 
a value of from $100 to $200 or more jmr acre, and wheTO water is 
ex(;ccdingly expensive, pipes of w'ood, <‘ar(heuware, and wrouglil. and 
cast iron are largely used. 



Fia. IJH,- Secthuirt and elevations of liuinos. 


To lay out a tlilcli, if a eonsiderablti distan(‘.e is to l>e travt‘rsccl, it 
is (losii*al)lo to use a surve.yor’s level and run u])on a dcleruiiuato 
^vado. If this is not pract i<*al)lo and tho fannar has not had sufiioient 
(^xporioiR'o to judge grados by Iho oyo, a siinidor dovicc can ho nsod. 
This (‘onsists of a sti*aig]it(Mlg(^ or still hoard lf> to 20 feet long, so 
ari'anged that a carpen1er\s level can he alfaehed. If the fall is to ho 
one-fourth or oue-half of an iii(*h p(‘rrod (about IlH^'iisual grade), a little 
])iji is fastene<l to on<' (Uid of the hoard proj(‘eting doAvnward this dis- 
tance. At the starting j)oint a small staho is driven into tln^ ground and 
tlic end of the straightedge jilaced ui)on it. The otlnu’ end e-avj-ying the 



projecting jiin is swung on a level until it strikes tho ground, tlien a 
small stake is driven down until with the projecting pin of the straight- 
edge upon it the leveling hahhle is in tho center. Tho straightedge 
is then carried forward, tlio uiii)cr end placed upon the second post, 
and the end with the grade i)in on it swung about to determine tho 
new position. After this series of posts or pins has been driven into 
the ground, the farmer can go over the lino, straighten it out, or deter- 
mine upon the necessity of constriiciiug elevated ditches and flumes. 
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The ordinary flumes consist simply of open troughs or endless boxes 
(flg. 38) forming a portion of the ditch. They are built of boards or 
plank held in position and supported by timbers. Joints are usually 
made tight by pitch and oakum or by similar means. While in many 
cases flumes are indispensable and save the construction of long lines 
of earth ditches, they are usually a continual source of annoyance 
from leaking and require considerable attention tokeei) them in repair. 
The points where the flumes join the earth ditches are particularly 
difficult to maintain. It is necessary that the earth be very carefully 
tamped and that the flume bo provided with wings in such a way as 
to make the union perfect. The section of the flume is usually rec- 
tangular, but it may be of a V shape, and oc<?asionally, as in California, 
it is semicircular, this latter form requiring least lumber, but necessi- 
tating the use of iron bands or brackets. (Fig. 39.) 

APPLYING WATER. 

The methods of ai)plying water differ widely, being dependent upon 
the character of the climate, crops, and soil, and u[)on the eximricnce 
of the irrigator. The principles underlying the j)i*actice have never 
been clearly stated, and with the present knovdcHlge of jflant physi- 
ology and of soil structure it appears impossible for them to be. The 
greatest advance of irrigation will probably be along the line of exact 
information as to the behavior of water in the soils and of tlie influ- 
ence of moisture upon plant growth and disease. This knowledge is 
needed, and although there is a large mass of statements of methods 
in vogue there has never been a comprehensive disemssion of the 
matter such as loads to the presentation of simple and direct rules. 
It has been found, for example, that by apjdying water at one time and 
withholding it at others (Certain beneficial oi* injurious results have 
been obtained, but why these are so it is not possible to stale clearly. 

Rules for applying water apidicable within the arid region may not 
be suitable for the Great Plains region or for localities farther east. 
There is considerable differen(*e in the amount of sunlight received 
and in the dryness of the air. For this reason it has been found that 
so-called practical irrigators from Colorado and Utah have not made 
as great a success on the idains as men who have learned the art 
from experience on the spot. These farmers must in many instances 
unlearn the maxims they have acquired and note moie carefully cer- 
tain conditions which before they have neglected. 

One of the first questions the farmer asks, after he has determined 
to try irrigation and has settled upon a source of water supply, is how 
much water will be needed or how much land can be irrigated with a 
given amount. This question ai>pears simple, but like many others 
of its kind it is capable of a great variety of answers. It is a good 
deal like asking what is the average size of a boy. So much depends 
upon the surrounding circumstances of soil, climate, character of 
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Plate IV. 



Fig 1. Method of applying Water through Furrows. 



Fig. 2 -Flooding a Wheat Field. 
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crop and means of applying water that most, if not all, of these must 
be known in advance. It is of course possible to take the statements 
of a great many farmers and, averaging them up, draw general con- 
clusions, but these can not be applied to any special case without the 
exercise of considerable judgment, and before doing so certain tech- 
nical terms or definitions of quantities must be clearly in mind. 
(Pi. IV.) 

DUTY OF WATER. 

The phrase “duty of water” is a term which has been devised to 
convey the idea as to the relation between the quantity of water and 
the area which can be irrigated b}^ it. The duty of water may be 
expressed in three ways: First, by the rate of flow of a stream for 
a certain number of days necessary for the irrigation of 1 acre; 
second, by the actual volume of water in gallons, cubic feet, or acre- 
feet which, if proijerly applied, will siifiice for an acre; or, third, by 
the total depth of water put at various times upon the surface. This 
third expression is similar to the secjond, but takes no account of tlie 
extent of the field, as, for example, we may say that, a certain piece of 
ground requires 21 inches, that is, during the irrigating season a dc’ipth 
of water of 21 inches has in the aggregate been apifiied to the surface, 
usually in a number of waterings at intervals of several weeks. One 
of thes<‘ expressions iiiay be converted into the other conveniently by 
simple (computations based upon the relation of one unit to another. 
In sf)(\akiiig of inches in depth, these must not be confusinl with the 
miiK^r’s in(ih, which is simi)ly a rateof flow independent of the ({uaiitity. 

The duty of water vari(»s widely and can only be given in the most 
g(*ueral terms. As before stated, it depends ui)on the climate, the 
amount of rainfall, the variations of temperature, the character of 
the soil and subsoil, the methods of cultivation, the kind of crops, 
and perhaps more than all upon the skill of the irrigator. Theoret- 
ically, it might bo possible to ascertain just how miKch w^ater a given 
plant reiiuires under the ordinary range of temperature, and from this 
deduce the least quantity tliat can be used, but so many other matters 
must 1)0 considered that estimates of this kind have little more than 
a theoretical value. A certain quantity of winter must bo lost on the 
’Way from the stream or source of supi)ly to the field, and again in the 
field before reaching the roots of the plant. 

Althougli the duty of water varies widely in actual practice and is 
such an uncertain quantity, yet it is convenient to make certain 
assumptions in order to estimate the possible extension of irrigation 
from the given source of supply. There is a theoretical limit as to 
the amount of w ater required by plants, and it is impossible to suc- 
cessfully produce crops with any smaller quantity, but this limit is 
so far removed from present practice that it does not seem probable 
it will ever be reached. Moreover, as different varieties of plants 
require different amounts of water, it may be possible to introduce 
12 a9() 13 
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kinds which, will require a minimum supply and thus enable a larger 
acreage to be cultivated by employing the given quantity of water. 

In the arid region, upon land irrigated for the first time and where 
water is to be had in abundance, a duty as low as 30 acres' to the 
second-foot has been reported. This quantity of water flowing for, 
say, sixty days would cover an aero to the depth of about 4 feet. 
This may be regarded as ono extreme. This amount, however, could 
not be used unless the surface drainage wore perfect or the subsoil 
were largel}" composed of open gravels or sands, allowing water to 
escape freely, as it would quickly result in converting the country 
into a marsh. The excessive water would tend to carry away the 
rich qualities of the soil and wash it out until little of value remained. 
In some localities, w^here the earthy alkaline salts abound, this exces- 
sive irrigation or washing is resorted to in order to take away the inju- 
rious superabundance of soluble material. 

The ordinary duty of water, as measured in the ditches leading to 
the fields in Utah, Idalio, and parts of Colorado, ranges from 60 to 70 
acres to the second-foot. This quantity of water flowing for sixty days 
is equivalent to a dei^tli of about 1| to 2 feet, and for ninety days to 
a del) til of from to 3 feet. This is very nearly the minimum duty 
as fixed by the State law of Wyoming, which requires that no iillot- 
meni of water shall exceed 1 cubic foot per si^cond for oaeli 70 acres. 

The higliest duty of water is reached in California, where the quan- 
titii^s are usually given in miner’s inches. The ordinary practice is 
2 acres to the minor’s inch, or 100 acres to the second-foot. From this 
as a minimum the quantity runs up to 4 or 5 acres to the miner’s inch, 
and in some cases, as in llie cultivation of orchards whei’O water is 
very scarce and expensive, it is reported to be as high as from 8 to 15 
acres to the miner’s inch, or from 400 to 750 acres per second-foot. 
This qriantity flowing for sixty days would cover the ground to a depth 
of from to 2 inclies, or for ninety days to from 5J to 3 indues. 
Where the soil is naturally retentive of moisture and has been once 
thoroughly saturated, it has been found possible by careful and con- 
tinuous cultivation to attain success Avith orchards, vines, and some 
of the field crops with but one slight watering, or even without any, 
for a number of years in succession. In such cases the water duty 
may be given as extremely high. But it is hardly proper to consider 
such cases in connection witli ordinary irrigation. 

In the Great Plains region as a whole, where water is derived from 
underground sources or is held in storage reservoirs, it is necessary to 
reach a duty of water higlicr than that commonly found in case of 
water from large perennial streams, from the fact that the first cost is 
usually larger, the quantities to be handled are smaller, and the land 
irrigated is generally in the immediate vicinity of the source of sup- 
ply. For irrigation during the first year the duty can hardly be 
estimated, because the thirsty soil is almost insatiable in its demand 



mmotAsum ON the oeeat plains. 


Id5 


for water, but after the ground has once boon fairly well saturated 
an applteatiaii of 20 inches of water in depth for the second year 
should suffice, and after that loss and less, depending upon the 
amount of rain and the humidity of the air. The question of quan- 
tity of water is so cdosely connected with that of cultivation that no 
estimate can have any great value beyond giving broad impressions. 

One of the most important points for the farmer to have in mind 
when i>lanning his inethods of irrigation is, in any event, to provide a 
sufficient supply of water. On the Groat Plains, especially, and to a 
less extent throughout the arid region, there is a tendency to under- 
estimate the duty of water and wdiero expenditures are eoneorned to 
try to make a small supply go too far. This is not the e^se with the 
older irrigation ditches built by farmers from streams of considerable 
size, for there water is lavishly used and often to the detriment of the 
crops ; but wlierc pumping or storing water is concerned, or where 
the farmers purchase water rights, the tendcnc}" is to go to the other 
extreme and, relying upon theoretical considerations, try to culti- 
vate land with an entirely inadequate suppl^^ Between these two 
extremes lies the intermediate ground of success. Too much water 
will redn(*e the amoujit and quality of the crop, while too little will 
result in waste of energy and in disappoint imuit through utter failure. 
Great, injury has already been wrought to the develoimient of irriga- 
tion througli the cxcessiA^o sale of water riglits in storage enterprises 
or canals, wdiero farmej'S have piireliased acreage rights to 'which an 
inadequate supply avus allotted. The proper development of i)iinip- 
ing has also been retarded by overestimates of the capacity of the 
pumps and underestimates of the amount of water required, so that 
in actual performance, Avliero ordinary difficulties and accidents were 
ciie()aiit(‘red, the pumping plants haA^e been serious disappointments 
if not {ictual losses. 

The methods of applying Avater can best bo loarncid by tlio indiAudiial 
farmer through expericiu^o. They are not at all difficult, although in 
each localily certain details arc to bo observed, dependent upon the 
cliara(*tor of the climate, soil, and crops. The juclhods in common use 
throughout the AVost liave been so often described and are so A\^ell 
given in an article by L. R. Taft in the Yearbook for 1895 that further 
(liseussion is hardly ]iece>ssary. Emi^hasis should be giA'^en, hoAvcA^er, 
to the fact that the first essential for an economic application of Avator 
is that of liaAung the ground i)roperIy IcA^eled or graded before culti- 
vation and irrigation arc begun. AVhen this has been thoroughly 
done, the irrigat.ion can be carried on rapidly and efficiently Avith a 
small quantity of water and the supply can bo oA’cnly distiibuted, each 
portion of the field receiving its share. 

CXTLTIA^ATION. 

The whole object of irrigation is to supply a sufficient amount ot 
water at the right time, so that the plants Avill reach their highest 
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development or produce the finest fruit. This object will, however, 
be defeated unless irrigation is accompanied by proper cultivation. 
In fact, if one can be said to have more importance than the other, 
it is cultivation. This must be carried on usually to a far higher 
degree of perfection than in the case of nonirrigated crops, from the 
fact that in the practice of irrigation a considerable expenditure is 
involved, even at the best, and the largest returns should be realized 
in order to recompense this outlay. With ample water at hand, many 
of the conditions affecting crops are under control, and it should be 
possible by proper care to realize an ideal condition of yield and 
fruitage. 

The farmer who imagines that by procuring suitable irrigating ma- 
chinery or devices and by pouring water upon the fields he is thereby 
doing all that is necessary to insure a profitable yield is almost cer- 
tain to be disappointed. This is only the beginning of his labors, for, 
except in the case of the forage crops or small grains, the application 
of water must be followed by thorough tilling, and this should be 
kept up until the soil is in a i)erfect condition of mulch. There are 
to l>e found all over the plains region farmers who have gone so far as 
to procure a windmill or other pumping machinery, and who have for 
a season let the water flow over their fields without care or Judgment, 
drowning out parts of the crops, washing the soil in places, and allow- 
ing it to bake in others. These men, as may be expected, denounce 
irrigation as ipipossible or useless, not being willing to acknowledge 
that the fault lies in their own lack of attention to the soil after water 
has been applied. 

In trying irrigation for the first time the farmer should attempt it 
upon only a small area, from 3 to 5 acres, and put as much labor upon 
these as he has been accustomed to spend upon many times that num- 
ber in dry farming. If this is done intelligently, the larger yield will 
more than compensate for the added exertion. By giving careful 
attention to the needs of crop over a small area the farmer will soon 
learn to judge for himself as to when, with his conditions of soil and 
climate, plants actually require water. It is almost impossible in the 
present stage of our knowledge to give these definite directions, but 
it is practicable for the observant man to learn for himself while car- 
rsdng on the cultivation sO essential to success. 

It should not be assumed from what has been stated that the bene- 
fits of irrigation are felt only in the more arid portions of the Great 
Plains. Such localities undoubtedly possess a certain advantage in 
that the sunlight is more intense, but this is a difference of a rela- 
tively small degree. On the eastern side of the Great Plains, and in 
fact over the adjacent prairie regions, irrigation can be and is being 
introduced with success. Viewed merely as a method of insurance 
against crop loss, the expense of procuring suitable methods of apply- 
ing water at the right time can not be regarded otherwise than as a 
bosinesslike investment. 
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Fig. 40 —The cozumou blue jay. 

preys upon the eggs or young of other birds, and some observers have 
declared it an habitual nest robber and thief, but the extent of its 
nest-robbing proclivities is unknown, and a detailed examination of 
its food is necessary in order to throw more light on these points. 

The blue jay is distributed over the whole of the United States east 
of the Great Plains, from the Gulf of Mexico to Manitoba and New- 
foundland. It remains constant in form and color throughout most 
of this region, except in Florida and along the Gulf coast, where a 
smaller race ( Cyanodita crisiata florincola) occurs. While jays com- 
monly resort to the forest to breed, they do not by any means confine 
themselves to the woods, but visit orchards, meadows, gardens, and 
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farmyards in search of food. They remain throughout the year in most 
parts of their range, and their beautiful blue plumage is particularly 
conspicuous in the fall and winter months, when the trees are partly or 
wholly denuded of foliage. Their saucy, independent airs, sprightly 
manners, brilliant colors, and jaunty, plumed caps have gained them 
many friends, in spite of the fact that their food habits are supposed 
to bo somewhat detrimental to the interests of the farmer. So com- 
pletely is this latter fact forgotten in the gloom and nakedness of 
winter that it is a common practice in many places, notably in New 
England, to place beds of cliaif upon the snow into which corn is scat- 
tered each day in order to attract the jays. When the ground is well 
covered with its wintry fleece, they may be seen at all hours of the day 
eagerlj’’ j)ocking in the cliafl! for the welcome morsels, and their iires- 
ence in the garden and on the lawn relieves to some extent the winter 
dearth of bird life. 

The vocal powers of this bird, while by no means to bo despised, are 
not as pleasing as is its i)lnmagc, and most of its notes can be (»onsid- 
ered agreeable only by association. Jays are more or less garru- 
lous all the year, but are particularly noisy at harvest time when 
laying up a supply of food for winter. They also exhibit considera- 
ble i)owers of mimicry and imitate the notes of many other bii ds with 
considerable success. One wliich was kept in captivity by Mr. Syl- 
vester D. Judd learned to pi’onounce several English names distinctly, 
as well as to give a schoolboy’s yell and to wliistle for a dog. 

Blue jays have been charged Vi^ith eating grain, devouring fruit, and 
destroying the eggs and young of other birds. It is also assert(Hl that 
they devour numerous insects, and thus to some extent counterbal- 
ance the harm they do. Many cases of nest robbing might bo cited, 
but it will be sufficient to give a few notes of field observers. 

Mr. Henry M. Berry, of Iowa City, Iowa, claims to have seen blue 
jays suck the contents of four eggs of the Avood thrush while the old 
bird was only a few feet distant doing its best to drive them away. 

Mr. B. F. Goss, of Pewaukee, Wis., declares lhat they are the Avorst 
robbers of all, and that their deslriiction of the eggs and }^oung of 
small birds is appalling. 

Mr. T. J. Bull, of Hot Springs, Ark., Avrites: While standing on the 
observatory on Hot Springs Mountain, I saAV beneath mo a pair of rod- 
birds chirping in groat distress, and also noticed a blue jay fly away. 
Upon looking more closely, I discovered a nest A\uth one young bird 
in it. * * * In about half an liour the jay rotimied to the nest, 
picked up the young bird, and floAV away with it.” 

In view of such explicit testimony from observers Avhoso accuracy 
can not be impeached, special pains liaA’^e been taken to ascertain how 
far the charges were sustained by a study of the bird’s food. An ex- 
amination was made of 292 stomachs collected in every month of the 
year from 22 States, the District of Columbia, and Canada. 
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EXAMINATION OF STOMACH CONTENTS. 

One of the first points to attract attention in oxaniining these stom- 
achs was the large quantity of mineral matter, averaging over 14 per 
cent of the total contents. The real food is composed of 24.3 i)or cent 
of animal matter and 75.7 per cent of vegetable matter, or a trifle more 
than three times as much vegetable as animal (fig. 41), The animal 
food is chiefly made up of insects, with a few spiders, myriapods, 
snails, and small vertebrates, such as fish, salamanders, tree frogs, 
mice, and birds. Everything was carefully examined which might 
by any possibility indicate that birds or eggs had been eaten, but 
remains of birds were found in only 2, and the shells of small birds’ 
eggs in 3 of the 202 stomachs. One of these, taken on February 10, con- 
taiiK^d the bones, claws, and a little skin of a bird’s foot. Another, 



Ffg. 41.— Diagram showing tUo rolativo amounts of vegetable and animal food eatoii by tlie blue 
jay in each luenlh of tlio year. The vegotablo food I'i roproaentod by the area above the line 
A H; Die animal food by the spaco below. 


taken on Juno 24, contained remains of a young bird. The three 
siojiiachs with birds’ cggSM'cro collected in June, August, aud October, 
respectively. The shell eaten in October belonged to the egg of some 
larger bird like the ruffed grouse, and considering the time of year, 
was undoubtedly merely an empty shell fi-om an old nest. Shells of 
eggs which were identified as those of domesticated fowls, or .some 
bird of equal size, were found in 11 stomachs, collected at irregular 
times during the year. This evidence would seem to show that more 
eggs of domesticated fowls than of wild birds are destroyed, but it is 
much more probable that these shells wore obtained from refuse heaps 
about farmhouses. 
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To reconcile such contradictory evidence is certainly diflScult, but it 
seems evident that these nest-robbing propensities are not as general 
as has been heretofore supposed. If this habit wei*e as prevalent as 
some writers have asserted, and if it were true that eggs and young 
of smaller birds constitute the chief food of the blue jay during the 
breeding season, the small birds of any section where jays are fairly 
abundant would be in danger >of extermination. 

The ease with which a bird’s actions may be misinterpreted is well 
illustrated by the case of a stomach which was received with the 
legend “ Eating robins’ eggs,” but which, upon rigid examination, 
failed to I’eveal even a minute trace of an egg. It is of course possi- 
ble for a bird to eat an egg without swallowing any portion of the 
shell, in which case the soft contents would soon disappear from 
the stomach, but in view of the fact that such substances as dead 
leaves, bits of plant stems, and rotten wood, which are evidently 
swallowed accidentally with insects or other food, are constantly found 
in birds’ stomachs, it does not seem probable that blue jays would 
discriminate against eggshells. To test this matter, four eggs of the 
English sparrow were offered to a jay in captivity. The bird at once 
seized the eggs and began to eat them, but when any piece of the 
shell, no matter how minute, was accidentally dropped it w^as at once 
picked up and swallowed, and several such pieces that were thrown 
to the farther end of the cage were also eaten, so that the shells with 
their membranes were entirely gone before the soft contents. 

Besides birds, remains of small vertebrates were found in Uvelve 
stomachs, as follows: Fish and salamanders in one stomach each, tree 
frogs in four, mice in five, and a shrew in one. It is perhaps worthy 
of note that Dr. B. IT. Warren failed to find a trace of any vertebrate 
remains in examining twenty- three stoina(dis of tlie blue jay, fourteen 
of which were collected in May, one in June, three in September, and 
five in October. (Birds of Pennsylvania, pp. 200-201.) 

The jay kept in captivity by Mr. Judd showed a marked fond- 
ness for mice, and would devour tliein apparently with great relish. 
Another bird ate only a portion of dead mice and refused to touch 
live mice, preferring insects when it had an opportunity for choice. 

INSECT FOOD. 

Insects are eaten by blue jays in every month in the year, but nat- 
urally only in small quantities during the winter. The great bulk of 
the insect food consists of beetles, grasshoppers, and caterpillars, with 
a few bugs, wasps, and flies, and an occasional spider and myriapod. 
The average for the whole year is nearly 23 per cent, varying from less 
than 1 per cent in January to over 66 per cent in August, and gradu- 
ally diminishing to 3.2 per cent in December. There is a remarkable 
increase in the quantities eaten in spring and summer, the percent- 
age increasing from 28 in May to 44 in June, and from 46 in July to 
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66.8 in August. The molting season may account for the increase 
in August, but that in June is not so easily explained. The beetles 
found in the stomachs may be roughly divided into three groups: 
Predaceous beetles (Carabids); those belonging to the May beetle 
family (Scarabmids) ; and miscellaneous beetles, including about half 
a dozen families. Each of these groups forms a little more than 3^ per 
cent of the food. The greatest number of predaceous beetles were 
eaten in July, v^hen they aggregated 10.25 per cent of the food of the 
month. The Carabids belong for the most part to genera with blunt 
jaws, such as Harpalus, CratacanthuSy and Stenolophus; only a few 
specimens with sharp jaws like PasimachuSy Oalerita, and Calosoma 
were found, and it is probable that no great harm is done by the 
destruction of these beetles, as they are not entirely carnivorous and 
are therefore less useful, and the individuals are abundant. 

Scarabffiids reach their maximum abundance in the jay’s food in 
August (11.8 per cent), although nearly as many (11 per cent) were 
eaten in June. They were mostly represented by the larger species, 
such as the goldsmith beetle {Cotalpa lanigera)^ the spotted grapevine 
beetle {Pelidnota punctaUi)^ the brilliant tumblebug {Phanmis oarni- 
fex)y with many May beetles {Lachnosterna)y and quite a large number 
of fruit-eating beetles {Euphoria inda and E, fulgida). At least 
five specimens of Euphoria inda were found in one stomach, amount- 
ing to 75 ijer cent of the whole food contents. It is worthy of notice 
that one stomach contained a nearly perfect specimen of the grape- 
vine beetle and also the seeds and skins of the wild grape ( Vitis cor- 
difoIia)y and it seems probable that the bird visited the vine i,o feed 
111)011 tlie grapes, but finding the beetle swallowed that also. Beetles 
belonging to other families aggregate 1().3 per cent in June, the most 
important being a few leaf-eating beetles (Chrysoinelidro), some click 
beetles (Elateridje), and a number of curculios (Ourculionida)). A 
dozen curculios, belonging to the genus Balatiinus, were found in a 
single stomach, and three in another. As these beetles live on acorns 
and other nuts, it seems probable that the birds devoured tluuu when 
looking foj* their favorite food, mast. 

Grasshoppers, crickets, and locusts form about 4.4: per <*ent of the 
food ; but they do not become an important clement until July. The}^ 
attain their maximum of 19.5 per cent in August, and continue in 
considerable numbers until December. If June can be calbnl the 
beetle month in the dietary of the jay, August is the gi*asslu)i)j[><‘r 
month; and birds that eat these insects at all eat the greatest (piau- 
tity at this time. Many birds that live during the rest of the }'ear on 
food obtained from trees or shrubs come to the ground and feed upon 
grasshoppers in August. Caterpillars form an important element 
only in March, August, and September, and the greatest number, 
amounting to 11.4 per cent, were eaten in August. The kind of 
caterpillars eaten is of more interest than the number. The jay 
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apparently likes to take its. food in largo morsels, and as in the ease of 
beetles, large larvae, like those of the humming-bird moths (Sphingi- 
dm), are selected whenever obtainable. In several cases a single spec- 
imen of these caterpillars more than 2 inches in length and nearly 
as large as one’s finger was snugly coiled up in the stomach, almost 
filling the whole cavity. Eggs of insects were frequent, and those of 
the tent caterpillar moth {Clisiocampa aniericana) occurred in four 
cases. Dr. J, A. Allen has found these eggs in blue jay stomachs 
(Auk, XII, Oct., 1895, p. 383), and many years ago Dr. J. P. Kirtland 
called attention to the usefulness of this bird in destroying the larvm 
of the tent caterpillar (Atlantic Monthly, XXV, Apr., 1870, p. 482). 
Many of the smaller species of cateri)illars were quite hairy, and 
others rough and warty, showing that this does not render them 
objectionable. Mr. E. H. Forbush credits the blue jay with eating 
great numbers of eggs, pupae, and larvje of the gypsy moth, and he 
observed them carrying away the larvse, which are hairy caterpillars 
of considerable size, ai)parently to feed tlieir young. (Kept, on Gypsy 
Moth, Mass. Board Agr.,180G, pp. 211, 215.) 

Insects of several other orders were found in nearly every month, 
and in July and August amounted to a little more than 11 per cent. 
IIymonoi)tera wore represented by wasps and a few ants. One stom- 
ach contained a simeimen of the pigeon horntail (Tremex coliuttha), a 
very injurious wood-boring insect. Diptera, or flies, were found in 
only three stomachs. Hemiptera were represented by quite a num- 
ber of stink bugs (Pentatoinids), a few cicadas, and remains of eoccids, 
or bark lice, which wore found in two stomachs. Spiders occur fre- 
quently, myriapods occasionfilly, and snail shells were found in 
thirty-eight stomachs. 

VEGKTABLE FOOD. 

As already stated, three-fourths of the blue jay’s food consists of 
vegetable matter, which may bo conveniently arranged in several 
groups: (1) Grain, mast, and seeds; (2) fruit; and, (3) miscellaneous. 

LIST OF VEGETABLE SUBSTANCFS FOUND IN STOMACHS OF THE BLUE JAY. 

Grain and mast, — Corn, vheat, oais, buckwheat, acorns, clicstnuts, 
beeclmuts, hazelnuts, sumac {Elms), Icnotwecd {Pohjgomim), sorrel 
(Eumex), 

Frail and miscellaneous, — Apj)lcs, strawberries, currants {Eihes 
rubrum), blackberries (Jiuiu^), mulberries [Mora'S), blueberries ( Fac- 
ciniuia), huckleberries (Ga?/Zfe6*6W*/a), wild cherries [Prunus scroiiiia), 
chokocherries (Pr?^?ii^ 6 ‘t’/rc 7 miana), wild grapes ( Vitis cordifolia), serv- 
ice berries [Amelanehier canadensis), elderberries [Samhiwus cana- 
densis), sour-gum berries [Nyssa oqnatica), hawthorn [OraicC'gus), 
chokeberries [Aronia arhutifolia), pokeberries [Phytolacca decandra), 
oak galls, mushrooms, tubers. 
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Grain is naturally one of the most important groups, and may be 
considered first. Wheat, oats, and buckwheat occur so seldom and 
in such small quantities (1.3 per cent of the whole food) that they 
may be dismissed with slight comment. Wheat was found in only 
eight stomachs, oats in two, and buckwheat in one. The wheat was 
eaten in July, August, and September; oats in jVlarcli and July, and 
buckwheat in October. Corn was found in seventy-one stomachs, 
and aggregates 17.9 i)er cent of the food of the year. This is less than 
that eaten by the crow (21 per cent) or by the crow blackbird (35 i)er 
cent). In January the amount consumed reached nearly 50 per cent. 
It is perhaps fair to add, however, that about one- third of the stom- 
achs taken in that month were from birds shot at a corncrib when the 
gix)und 'was covered with 3 feet of snow, and do not fairly represent 
the food of the month. Corn was also found in considerable quan- 
tities in February, April, May, and September. 



Fi(i i« "'Diagram Bbowiug tho relati\ amounts of grain and mast oaton l>y the blue jay in each 

month of the year. 


Uluhu* the term “mast” are grouped large seeds of trees and shrubs, 
such as acorns, clieslnuts, beechnuts, and others less consi)icuous to 
the ordinaiy observer. Unlike corn, it formed a remarkably constant 
element, and aggregated more than 42 per cent of tlio whole food of the 
year. It was found in 1G8 stomachs, and varied from one-fourth to 
three-fourths of the total food in every month except July and August. 
The fact that it is eaten, not only in the late fall, winter, and early 
spring, when other food may be hard to obtain, but also throughout 
late spring, summer, and early fall, when fruit, grain, and insects are 
abundant, would seem to show that it is preferred. The consiimplion 
of mast exceeds that of corn in every month except January, April, 
July, and August; but only a small amount of either is eaten in these 
last two mouths. The test as to w'hother corn is preferred to mast 
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would seem to be furnished by the record in October and November. 
It must be admitted that throughout most parts of the blue jay’s range 
both com and mast are equally accessible during these two montl^. 
The cornfields are ripe for the harvest, and lie open and unprotected, 
where the birds can gather their fill without let or hindrance. The 
forests also furnish an incalculable quantity of acorns, chestnuts, chin- 
quapins, and beechnuts, while the hedges and river banks teem with 
hazelnuts, and there seems no reason why the jays should not eat the 
food that they like. An examination of the stomachs will indicate 
best what they have actually eaten (fig. 42). Seventy-two stomachs 
taken in October show an average of over 64 per cent of mast, and 
eleven collected in November nearly 82 per cent, while the corn in each 
month aggregates only 1.1 and 0.9 per cent, respectively. It seems 
scarcely possible to draw any other conclusion than that the bhie jays 
prefer mast to corn, or indeed to any other vegetable food, for they eat 
the greatest amount at a time when fruit, grain, and other things are 
most abundant. The record for December shows that the taste for 
mast, far from being satisfied, has rather increased, and attains its 
maximum of almost 83 per cent ; while only 10 per cent of corn has 
been taken instead of several other seeds and fruits which were eaten 
earlier in the season. It was the custom of the writer, at his home in 
Massachusetts, to bait the blue jays in winter with chafi: and corn in the 
manner already mentioned, and he observed that the birds i)atronized 
these feeding places only so long as the ground was completely covered 
with suow\ No sooner did any considerable area of bare surface ap- 
pear than the corn was discarded and no more birds were seen on the 
chaff until the earth was again covered with snow. The natural infer- 
ence was that the jays found something on the bare ground, xiresumably 
mast, which they preferred to corn. It is possible that this fondness 
for mast may affect the distribution of certain trees to some extent. 
A jay flying with a nut in its beak may droj;) it in mid-air or carry it 
away and perhaps store it for future use. Acorns and other nuts may 
be distributed in this way, and it is probable that many isolated oaks 
and chestnuts owe their origin to accidents of this kind. 

Jays show considerable taste in the choice of fruit. Apples were 
eaten only during January, February, and March, and conseiiuently 
were merely frozen fruit left on the trees to decay, which should per- 
haps be reckoned as refuse rather than food. In the month of March 
the consumption is greatest, amounting to more than 32 per cent. 
Fresh fruit is eaten to a slight extent in May, but the quantity 
increases rapidly in June, and attains more than 39 per cent in July, 
and then gradually diminishes until it disappears entirely after 
October. The jay is often included with other birds in the charge of 
habitual stealing of cultivated fruit. Discarding apples which have 
no value, only four kinds of fruit are eaten which may be cultivated, 
immdy, strawberries, cuixants, blackberries, and mulberries. No 
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cultivated cherries or grapes were found. Strawberries were found in 
three stomachs, currants in seven, blackberries in twenty-two, and 
mulberries in five. This certainly does not show great depredations 
upon fruit, even supposing that all the fruit was cultivated; but it is 
probable, especially in the case of blackberries, that much of it was 
wild. 

Other vegetable substances were not eaten extensively, but appear 
to have been taken merely in default of something better. It is worthy 
of notice that the sumac seeds eaten are those of the harmless staghorn 
{Bhus hirta) and smooth sumac (Rhus glabra). Jays do not eat the 
seeds of poison ivy (Rhus radicans) or poison sumac (Rhus vem'ix)y and 
in this respect differ greatly from the crow, the crow blackbird, and 
some of the woodpeckers. These last, and probably many other birds, 
feed largely upon sumac seeds during the winter, and thereby help to 
disseminate these disagreeable and harmful shrubs. It seems a 
little singular that a bird so fond of hard seeds as the jay should not 
avail itself of this food, which is always accessible in the colder 
months, but it is fortunate that it does not eat the seeds of the poison- 
ous species. Remains of galls which grow on oak leaves were found 
in twelve stomachs, and possibly were eaten for the sake of the larvsB 
which they contained. Fragments of mushrooms were identified in 
seven stomachs, mostly taken in April and October. 

EXPERIMENTS ON A BLUE JAY IN CAPTIVITY. 

The examination of stomach contents was supplemented by experi- 
ments on a bird which had been in captivity but a few months and 
had no acquired tastes. In eating, this jay held its food on the perch 
usually with the right foot, but sometimes with both feet, and pro- 
ceeded to tear it to pieces and devour it; hard substances, like kernels 
of corn and acorns, wore repeatedly hammered with the beak after the 
manner of a woodpecker. It would eat dead mice to a certain extent, 
but did not appear to bo extravagantly fond of them; it seldom or 
never ate a whole one, and seemed to prefer the brains to any other 
part. A live mouse was placed in the cage, but remained unmolested 
for two days. The jay was kept supplied with mocking-bird food, of 
which it ate freely, so that it was not hungry, and therefore selected 
only such other food as was appetizing. It ate most insects and pre- 
ferred them to vegetable food. Its preferences were not strongly 
marked, although grasshoppers seemed to be the favorite insects, and 
black crickets were refused. Among beetles, Sciirabseids were rather 
preferred to Carabids or Tenobrionids, but all were eaten. Chrysome- 
lids were generally rejected, and the potato beetle (Doryphora 10- 
lineata) was always refused; the same was true of the elm leaf-beetle 
(Ocderucella luteola)^ but one 12-spotted cucumber beetle (Diabrotica 
12-punctalu) was eaten. Click beetles (Elaterids and Tenebrionids) 
w^e apparently preferred to the long-horn beetles (Cerambycids). 
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On one occasion a basin of water was placed in tbe cage oontale- 
ing several Carabids {Harpalus c-cdiginosus and H, pen'mylv<xnim8)t 
one Cerambyeid {Typocerus miuatm), one potato beetle {DorypJiora 
lO-liaeaia), another Chrysomelid {Chrysochrus auratus), one black 
cricket, one large hairy caterpillar, and a large milleped (Jvlm). 
The milleped was taken first, the Carabids next, and finally all the 
insects were eaten excejit the Ohrysomolids and the cricket. 

' Very large hard beetles, like Alaus oadatus, Ilydrophilm triangu- 
luris, and Passaltis coniutus, were not often touched, but in default of 
other insects were torn to piec(ss and the soft parts separated from the 
harder portions. Stink bugs (Pentatomids) seemed to be relished, but 
hairy caterpillars were only taken after most of the hair had been 
beaten off. Cocoons of a tu.ssock moth were tom open to get the 
pupre, and the large green warty caterpillars of the Ailantlius moth 
were eaten, but with no great relish. In several cases spiders wei-e 
selected in prefei'ence to insects. Myriapods and earthworms wore 
eaten less readily than sow bugs {Onisciis). 

The bird would eat corn and sprouted acoms, but did not seem to 
care much for them. It ate apples, blackboiTies, and black raspber- 
ries, but rejected red raspberries, strawberi'ies, mulberries, and elder- 
berries; it swallowed the pulp of grapes only after removing the skin 
and seeds, and also ate a little peach pulp, but without groat relish. 

SUMMARY. 

The most striking i)oint in the study of the food of the blue jay is 
the discrepancy between the testimony of field observers concerning 
the bird’s nest-robbing proclivities and the results of slomach exami- 
nations. The accusations of eating eggs and young birds are certainly 
not sustained, and it is futile to attemi)t to reconcile the conflici ing 
statements on this point, which must bo left until more accurate obser- 
vations have boon made. In destroying insects the jay undoubtedly 
does much good. Most of tlie predaceous beetles which it eats do not 
feed on other in.seets to any groat extent. On the other hand, it de- 
stroj’^s some grasshoppers and caterpillars and many noxious beetles, 
such as Scarabfoids, click beetles (Elatorids), w'eovils (OurcuUonids), 
Buprestids, Ohrysomolids, and Tenebriouids. The blue jay gathers 
its fruit from nature’s orchard and vineyard, not from man’s; corn 
is the only vegetable food for which the farmer suffers any loss, and 
here the damage is small. In fact, the examination of nearly 300 
stomachs shows that, the blue jay certainly does far more good than 
harm. 
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By A. J. PlKTKRS, 

Assistant Botanist, U. S, Department of Agriculture, 

GENERAL REMARKS. 

Man lias so changed the foi’m, habits, and properties of enltivaled 
plants that in many instances their wild x>rogenitors are unknown. 
But he lias gone farther than this. By careful cultivation and selec- 
tion ho has so altered the nature of many cultivated jilanis that they 
exist no longer i)riniarily for the perxietiiation of the species, but for 
the good of man. The abnoi^mally developed llowers, the succulent 
roots, the seedless fruits of our fields, gardens, and orchards, would 
not only be useless to a wild plant, but would bo a positive hindrance 
to it in the struggle for existence. All the energies of the wild plant 
are bent to the iiroduction of seed. Annuals and biennials vegetate 
one or two seasons, produce seed, and die, while the longer-lived 
woody plants grow to maturity and year after year produce enormous 
numbers of seeds in order that a foAv may grow and perpetuate the 
species. 

But tlie value of the seed lies not solely in the reproduction of its 
kind. There are man}" species, e>spocially among cultivated idants, 
thati are xnmluced year after year without the agency of seed. A great 
part of the value of the seed lies in the fact that it is the product of a 
sexual union. Darwin and others liave shown that the union of dif- 
ferent individuals is advantageous to the species, and this union can 
occur only through the agency of the flower, and the effects of it can be 
prox)agatod only by tlie seed. The union of different idanls iiroduces 
a progeny with greater tendency to variation than is i)ossessod by 
the product of inbreeding. Among wild plants those variations ena- 
ble a species to adapt itself to iioav conditions, thus extending its 
range and increasing its chances of living; in cultivated plants they 
form tho basis upon which the plant breeder works for the improve- 
ment of old and tho development of naw varieties. 

Moreover, nearlj^ all our field and garden crops are propagated by 
seed, and tho iiroduction of good seed is as essential to continued suc- 
cess in agriculture as good soil or careful cultivation. Tho production 
of seed therefore becomes at once a matter of tho first importance as 
well to tho originator of new varieties as to him who aims to keep 
some standard variety true and of the best quality. 
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HOW PLANTS PEODtrCE SEBI), 

That the steps in the production of seed may be clearly understood, 
a brief description will be given of the parts of a flower and the 
growth of the seed both before and after fertilization. All seeds are 
produced by flowers. The flower usually contains two sets of organs, 
the sexual and the enveloping. Sometimes the latter are partially or 
wholly wanting, but the sexual organs — that is, the stamens and pis- 
tils — must be present either in the same or in different flowers in order 
that the plant may be fruitful. 

The envelopes usually consist of two whorls of floral leaves, the outer 
or calyx (fig. 43, a), commonly green and more leafy than the inner 
whorl or corolla (fig. 43, 6), which is often highly colored and of delicate 
texture. One or both of these whorls are found in nearly all flowers, 
and serve the double purpose of protecting the stamens and pistils 
while in the bud and, after opening, of attracting insects by their 
bright colors. 

Frequently there is only one whorl, which^ is always the calyx; or 
both whorls may be absent, in which case the flower is said to be 
naked. The floral leaves forming the calyx are called sepals; those 
of the corolla are petals. The pistil or pistils, the female organs, 
occupy the center of the flower (fig. 43, c; fig. 44, c). They are com- 
monly less numerous than the stamens, although this is often duo to 
the union of several pistils into one, forming a compound pistil. 

The pistil consists of the ovary at the base, the style, and the stigma at 
the end of the style (fig. 44, c,/, p). The stigma is the receptive surface 
on which the pollen falls, and is connected with the ovary by the style. 
In some flowers the style is suppressed or very short, while in others, 
as Indian corn, it is long and silky. The stamens, or male organs, are 
located betw^een the pistil and the envelopes (fig. 43, d; fig. 44, d). 
They vary in number, but are commonly as numerous or twice as 
numerous as the sepals or petals. By suppression or multiplication 
these limits are frequently exceeded, and different species possess from 
one to an indefinite number of stamens. A stamen consists of a stalk, 
or filament, and an anther. The anther, which is commonly two-lobed, 
produces the pollen, the fertilizing element. The mass of pollen, as 
seen in an anther, consists of a countless number of pollen grains. 
These may be dry and dust-like, each grain being distinct from every 
other, or the grains may be sticky and adhere to each other in small, 
irregular, or sometimes regular, masses. When ripe, the anther opens 
and the pollen is exposed, to be carried away either by the wdnd or by 
insects and other animals. 

In the majority of plants both sexes are present in the same flower. 
In a small number they are in different flowers, either on the same 
plant or on different plants. In the latter case the plants bearing 
only male flowers never produce fruit. For the production of seeds 



AKo sbep saviwo. 


— a 



Fi«. 43.— Tomato flower 
( Lycopersirum enculen- 
turn): a, calyx; 6, corolla; 
c, pistil: <f, Htamons. The 
anthers are united about 
the pistil. (See fig. 44.) 


iB necessary. This takes place when the |>oUen 
are deposited on the stigma of the pistil, and grow out into tubes 
which traverse the style and fertilize the ovules in the ovary (fig. 45). 
The ovule, the future seed, begins as an outgrowth within a cell of 
the ovary. As it grows, one or two coats are developed about it. The 
ooatsdonotentirely surround the ovule, but leave a narrow opening, the 
fOi^men or micropyle, at one end. Through this opening the pollen 
tube finds its way to the embryo-sac of the ovule, a 
After the union of one of the nuclei of the em- 
bryo-sac with that of the pollen tube the embryo 
begins to form. This is the future plantlet, and 
is the indispensable portion of every good seed. 

. After feHilizat ion the ovarj^ rapidly develops 
into the fruit (fig. 40). Often the calyx or some 
other xmrt of the flower adjacent to the ovary 
becomes united to the latter and forms a portion 
of the fruit. In the seed the imi>ortant changes 
are the growth of the embr 3 ’^o and of the endo- 
sperm, when present. The endosperm eon tains the food supply for 
the 3 ^oung plant. It is either absorbed by the growing embryo before 
the seed is ripe or remains as a distinct mass of reserve material out- 
side of the embryo. In the latter case the seed is called albuminous; 
in the former, exalbuminous. In either case there is a supply of 
reserve material, <joiisistiiig usually' of starch, oil, orproteid, for the use 

of the embryo after germination. In 
exalbuminous seeds the reserve ma- 
terials are stored in the cotyledons of 
the embiyo, which often become very 
large and fill the seed, as in beans and 
peas (lig. 47). In albuminous seeds 
the embryo never entirely fills the 
seed, and it may be very small. 
Sometimes it is without differentia- 
tion of parts. In corn and wheat it 
lies outside of the albumen, which 
forms the bulk of the seed. The em- 
bryo and albumen are surrounded 
by a seed coat, which protects the delic.ate i>urts within, and in some 
seeds serves a useful ijiirpose in germination (fig. 47, a). 

Three i>arts are readily distinguished in most embryos, viz, radicle, 
cotyledons, and j)lumule (fig. 47, h, c, d). The radicle becomes the 
primary root; the cotyledons or seed leaves either contain the reserve 
materials of the seed within themselves or they absorb the albumen 
after germination; the plumule becomes the stem of the plant. 



FS0. 44.— Tomato flower, longitudinal boc- 
tion: a, Fopal: petal: r, pistil; d, sUi- 
mauB; c, Btigmu; /, style; i/, ovary. 


CBOSS AND SELF FERTILIZATION. 

The matter qf fertilization underlieH the whole subject of see<i pro- 
dttotiou, for on the fertilization of the seed depends the purity as 
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Fio. 45 —Section of a portion of 
the fttiertna of cncumhor ((Utni 
m 1 s Halt vuH ) .hhowing a pr<‘rininat 
inK pollen t^ram: o, pollen ^jram 
and tul>c‘, h, jiortion of pollen 
tul>e cut off in tho tissue of the 
stigma. 


well as the vigor of a variety. A flower is cross fertalized when ite 
ovules are impregnated by the pollen of another flower; self-fertilised 
when they are impregnated by pollen from its own stamens. 

The adaptations for cross fertilization are too numerous to be de- 
scritwd ill detail. Two great external agencies are concerned in the 

work, the wind and insects. The colors, 
odors, and irregular shapes of flowers and 
the secretion of honey are correlated with 
cross ferl ilizatioii by insects. Insects visit 
flowers for tin' sweets they 
find, and are undoubtedly 
attracted by color and odor. 

VVliile collecting the honey, 
insects are <lasted Avith x>ol- 
len, which, x>assing to other 
(lowers, they deposit on their 
stigmas. Many flowers are 
so arranged that only bees 
and insects large (‘uongli b) 
pollinate the flow'er can obtain the honey. This end is 
secured by the irregularity of the flower and in various 
other w'a^s. Either llie li])S of the flownu* are so firmly 
closed that only a large iiise<*t can forc(‘ tlumi fi^iart, or 
the throat is filled wdth hairs wdiich cfTcidnally exclude 
imweleomo guests, or tlu^ honey is at the bottom of a 
long tube to whicli only the jiroboseis of a large moth 
or bee can rea(‘h. 

Tho arrangoments by which cross pollination is se- 
cured are princii)ally of tliree 
kinds: (1) There may be some 
p<*culiarit) in the structure of 
tlie llow’er that favoi’s cross pol- 
lination and almost or quite 2>re- 
veiits self i)oIlination ; (:3) the 
sexes iriaj be in different flow^- 
ers ; (3) the anthers and X)istils 
of tlie same flower may mature 
at different times. 

Th<*i j)eculiarities of struct ur<' ariN numerous 
and varied. A common type is found in the 
flower of tlie pea family; for instance, in that 
of red clover {Trifolimn 2 )raUn\He), The flow- 
ers are visited by the bumblebee, whose long 
proboscis can reach down into the tube, at the bottom of which the 
honey is secreted (fig. 48). Smaller bees can noti secure the honey, 
but they collect i)ollen and doubtless aid in fertilization while so 




Pro 47 Seo<l of tho iK'tin 
iPhasf otuH vufpai tH) A 
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dGing. The stigma stands out above the anthers, and a bee, thrusting 
his head into a flower, would first brush against the stigma, leaving 
some pollen from a flower previously 
visited, and then dust itself afresh with 
pollen, to be (tarried in turn to tlio next 
flower (fig. 48). Some farm operations 
depend upon these inseet visits. Where 
mammoth clover is grown for seed, it is 
pastured or clipped in the early part, of 
the season. This is done that the plants 
may not bloom before })oe time,” for if 
they did thcire would be no seed. Bum- 
blebees had to bo importxjd into Australia 
before red -cloven* seed (*ould be raised 
there. It is sai<l that when insects are 
excluded not omvtenlh of the flowers are 
fertile. 

In the cabbages family arrange.meiits 
are such that solf-fertilizat ion can take pla(*e if cross fertilization fails. 
In cabbage {Brassini, olrrarea) the, honey is s(*cret.od at the bottom of 

the (‘.orolla t u])e. An insect sucking 
the hon(*,y would toinh the stigma 
and the antluu* of one of the short 
stamens. At the next flower the pol- 
len t hus <*ollecte<l would most likely 
be deposited on the stigma. Incase 
cross fertilization fails, the long sta- 
mens bend over and [)ollinate the 
stigma. That cross fertilization fre- 



Fie. - -Male flower of eueumlier { Cununm 

tativtm'). One jHital <’ut away toshow the 
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Phi. 48 - Bumblebee i)ollinatiiiK red 
clover. The l)eo is withdrawing its 
hood Iroiii the flower whore it has 
receivt'd the iwflleii at c: o, stamens 
and pi.Htil of the flower; ?>, proboscis 
of the bee 


quently occurs is jiroved, however, by the 
difficulty of keeping t he varieties of cab- 
bage, turnips, or other cruciferous Acgeta- 
bles from mixing. 

The case in which cross fertilization is 
iusuriHl by having the sexes in <1 ifferent flow- 
ers is represented among our garden A <‘g- 
etables by the cucurbits. In pumpkins, 
squashes, cucumbers, and melons th<^ male 
flowers appear first, followed by the female 
(figs. 49 and 50). Here cross fertilization is 
inevitable, and mixing invariably occurs 
when several varieties of a species 
grown near one another. 

The wind-fertilized flowers are repre- 
sented among our common economic plants by the grasses and Indian 
corn. In these the flowers are simple, without odor, nectar, or con- 
spicuous color, thus presenting no attraction to insects. The anthers 



Pio. r>0. ~ Pomalo flower of eucum- 
Ik*!* {^('uenm issativu'^). t)no petal 
cut away to show th«‘ stigma: a, 
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are borne on long, delicate filaments, which enable them to shake out 
their light and dr^^ pollen with every breath of wind. Everyone has 
noticed how the pollen falls in showers from the tassels of Indian com 

Flowers in which the anther*s mature before the pistil are common 
among our ornamental plants, the gentians, campanulas, and Clero- 
dendron being conspicuous examples. In the plantains, which are 
among our greatest, weed pests, the pistils mature before the anthers. 
In these tlie order of blossoming is from thei bj^use of the spike up, and 
in young spikc^s the stages of flowering (*aii bo traced on one spike; the 
younger ilowc^rs at the apex showing only j)islils, the middle flowers 
old pistils and young anthers, tlie lower ones withered pistils and ripe 
anthers. 

Ch’oss fertilization may t ake place l)et.weeu flowers on the same plant 
or between flowers on difl’erent plants. In tlie latter case two distinct 
individuals enter into the union. They bring to this union those dif- 
ferences of constitution and habit which always exist between indi- 
viduals, emphasized, i)crhaps, by dilTerences in the conditions under 
which their ancestors liave lived for one or more gem^rations. In self- 
fertilization, on tlie other hand, there is the closest possible inbreeding. 
The conditions iiiKh*i* which the sexual organs have matured are the 
same; they will therefore^ difior but little in their constitution. It 
would se(uii reasonable that seed produced by (‘rossing dilTerent jdants 
should give rise to progeny more vigorous and productive than that 
resulting from self-fertilization. 

Darwin^ jiroved by a long series of experiments that (»ross fertiliza- 
tion is beneficial, ami that continued self-fertilization is injurious to 
the si)(H*i(‘s. lie crystalliz(Ml liis conclusions in the famous dictum, 
‘‘Nature abhors periiet.ual self-fertilization.” 

In the course of his (‘xp<‘riments, Darwin used many spe(*ies from 
widely dilferent. onii^rs, and in most, cases several experiments were 
conducted with the same species. Many of the jilants Avere grown for 
more than one gemu*ation from seeds produced ]>y haiid-i)ollinated 
flowers; in one (*asc, that, of the morning-glory ( Tponunn purpuri^a)^ for 
ten generations. Darwin found that, as a rule, the plants raised from 
seeds in*odueo<l by cross fertilization exceeded in lieight, weight, and 
fertility thos<» raised from seeds produced by self-fertilization. The 
same results were obtained by Bailey ^ in growing (Eggplants on a large 
scale. The cross-bred plants “were characterized throughout the 
season by great sturdiness and vigor of growth. Tlu'.y grew more 
erect and taller than other plants near by grown from (jommercial 
seed. They were the finest jilaiits I had ever seen.” The following 
summer 2, 500 plants were grown from seed taken from this patch, and of 
these he says : ‘ ‘Again the plants Avere remarkably robust and healthy, 
with fine foliage, and they grew erect and tall — an indication of vigor. 

* The Effects of Cross and Self Fertilization in the Vegetable Kingdom. 

® L. H. Bailey, Plant Breeding. 
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The degree of relationship of the plants used in the cross has much 
to do with the benefit derived. Crosses between jdants grown for 
generations under the same conditions tend to approximate the results 
of self-fertilization. But the introduction of fresh stock — ^that is, of 
plants grown under other conditions of soil, moisture, climate, or care — 
puts new vigor into the cross. In Darwin’s experiments jdants of 
morning-glory that had been intercrossed for nine generations were 
crossed witli fresh stock and compared with plants intercrossed for 
ten generations. They exceeded the latter in height as 1 00 exceeds 78. 
Cabbages were compared by weight, and the idants resulting from a 
cross with fresh stock upon the se(*ond intercrossed generation were 
to the third intercrossc^d generation as 100 to 22. More exami)le8 
might be given, but- tliese are eTU)ugh to show th<^ imuumse advantage 
of introducing fresh slock. 

As has already been said, the ])urity as w<dl as the vigor of a variety 
dei)end8 ujmn the fertilization of the seed. While (U'oss fertilization 
has been clearly show n to be ])rodnetive of more vigorous plants and 
therefore a benefit so far as the life of the species is concerned, there 
are other matters of vital importaiuic to the farmer. The fii*st of 
these is the purity of the variety. The seed must ])e genuine, that is, 
it must reproduce the variety from whieh it i>urports to (*ome. No 
matter how w(dl the seed germinates nor liow vigorous the plants, if 
they are not. of the variety wwited the crop is at best a partial failure. 
While <*rossiug Ixdvveeu idants of the same variety is beneficial, the 
more so if their ancestors >ver(^ not grown under the same conditions, 
crossing between varieties of a species should, as a rule, be guaided 
against. Intelligent (n'ossing of varieties, or of species even, may lead 
to good results, but indiscriminate crossing can only result iu the loss 
of well-established types. 

The varieties of most of our common garden plants cross read ilj\ 
The great p(‘a and bean growers are <*,areful not to grow t wo varieties 
of either near each other. Some insist upon but one variety being 
growm on tlie same farm, while others peVmit mort' tlian one on a farm, 
but specify the distance* they shall stand apart, from 10 t(» 40 rods 
being usually required. 

In the cabbage family, to which maii}’^ of our vegetables belong, 
01*088 fei'tilization is not uncomnnin. The varieties of cabbage, kale, 
<^uliflower, brussels si)routs, and kohl-rabi all belong to one species 
{Brassica oleracea) and cross freely. To raise any A^ariety for seed, 
it must be grown in large iiatehes, aw^aj" from any A^ariety with Avhicli 
it will cross. Where only a few ijlants produce secnl, there is every 
chance that bees may bring pollen of another A^ariety an<l the plants 
raised from that seed not be true to name. The A’^arieties of corn 
cross readily and can not be grown near each other without danger of 
mixing. This may occur even Avhen the varieties are considerable 
distances apart. We loam from a seedsman of high standing that in 
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hiB experience corn in one field lias become mixed with that in another 
6 miles distant. In Ms opinion crows that fed on both fields carried 
the pollen. Frequently the effects of the cross arc visible the same 
season in colored grains. When this occurs, the mixing is easily 
detected and the corn can be discarded, but often there is no such 
indication, and a mongrel variety the following summer is the first 
indication the farmer has that his seed corn was not genuine. 

Pumpkins, squashes, melons, and cucumbers are fertilized by in- 
sects, and when different varieties of the same species are grown 
near each other i)ure seed is out of the question. Even when the vari- 
eties are grown some distance apart there is still danger of mixing. 
A seedsman staters that ho has known waternu^lons to cross when grown 
a mile aimrt. lleos carry pollen long distances, and in flying from one 
field to another are likely to leave foreign x)ollen on the stigmas of the 
flowers they visit. Ex})ericnee has shown that tomatoes will cross in 
the field. Six varieties were grown on the CV)rncll Experimental 
Grounds,^ and from the s(‘ed saved eighty-seven idants were growji, 
six of which were evidently crosses. It is evident, then, that garden 
seeds grown on a small scale are cxiremelj^ likely to mix when two or 
more varieties of the same jjlant are grown together. 

HOME GKOWTNd OF SEED. 

In former years Iioukj seed saving was ext.(uisively 2 )i*acliced. 
Nearly all inarkc^t gardeners and thos<‘ Miio sii]q)lied their own tables 
saved the seed of their best ])lants. The seed business was then 
but little developcHl, and dealers were not so well prepared to supply 
the dejiiands of fin <‘xa(*ting ]>ublic. J>iii even as early fis 1796 
Marshall, in his book on gardening, advised against sfiving s(‘ed at 
home and urged tliat those wliose business it was to grow seed could 
do so more cheai)ly than it could be done at horin^ Other writers on 
horticultural mattiu’s took different views, souk^ e^'en advising the 
gardener to save seed of all the varieties he- raised. 

The objections to growing one’s own seed are in general that it 
can not be as well clone, or, if as AvedJ, not as cheaply, by the general 
farmer or gardener as by the profc^ssional secMlsman. These objection® 
have greater forc^e to-day than they liad in the time of Marshall. 
Reliable dealers and growers liave aceuinulatcd such a wealth of 
experience and exercise such care that although nongenuine seed may 
sometimes be sold by an honest firm it is done through ignorance 
rather than intent, and is fin <ixcei)tional occurrence. 

Homo seed saving is most likely to be profitable upon the farm 
where plenty of land is available. When s^iace is limited, it is too 
valuable to be used for home seed raising unless the grower has some 
ohoiiie strain wliich lie fears can not be obtained pure from seedsmen, 
WhexT land is plenty and the additional labor is tho only outlay, home 

> Bulletin No. 82 , Cornell University Station. 
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iipglfl saving may be successfully practiced. With proper care most 
garden and flower seeds can be saved, as well as field seeds and pota- 
i^ees; The danger to be avoided in seed raising conies principally 
under two heads — ^mixing of varieties and deterioration. 

HOW SUCCESSFULLY CONDUCTED. 

If more than one variety of a species is grown on tlie same farm it 
will be difficult to keep them pure. The difficulty may be overcome 
in a measure by separating the plants grown from seed as far as pos- 
sible. But, as is shown elsewhere, natural crossing can not always 
be avoid<^Hl within the limits of a farm. A more certain inethcxi is to 
grow seed of but one variety in any year. By growing them in rota- 
tion two or three related varieties may lie maintained on one farm 
without mixing. 

As a rule, seed more than one year old will not have as good ger- 
minating power as fresh seed, but with projier care in hai'vesting and 
storing most seeds will retain a sufficient vitality to be used after two 
or three yeai’s. It is, however, not advisable to use old seed, except 
when necessary. In most cases one variety of a kind will be sufficient 
for tlie ordinary kitchen garden^ and wliere this is true the multipli- 
cation of varieties should be avoided. 

Deterioration of varieties (iaii be pi'evented by constant care in 
selecting the seed-bearing plants. Only the best ])lants should l>e 
selected, and these should be raised for seed only. Too much stress 
can not be i)la(*cd upon the folly of leaving some of the poorest plants 
for seed because they can not be used for anything else. 

Seed peas and beans should be saved from the best i)lants, selected 
for the purpose, and not from those from which a croj) has been gath- 
ered. Radishes, turnips, and beets that are not good enough for table 
use are also unfit for producing seed. (Cabbage seed grow^ii from the 
stump after the liead has been marketed is (*ertaiu to be inferior and 
to give poorer })lants the next season than seed saved from the sound- 
est and best lieads. 

In selecting the plants the grower will of course be guided by the 
purpose in view. If ho wishes early peas, ho will select the plants 
that yield the earliest pods ; if a sound head of cabbage is wanted 
rather than earliness, plants having this quality best developed w ill 
be selected for seed. In every case plants showing the desired (juali- 
ties to greatest perfection should be set apart. In this way a variety 
will not only be kept up, but may even be improved. Seedsmen maiii- 
tmn the type of a variety by a rigid ‘‘rogiieing” of their fields, tliat 
ilestroying all plants not conforming to the type. Some varieties 
wouM ‘‘run out” in a few years if this were not practiced. 

Another source of deterioration is inbreeding. Where the same 
iftock is raised year after year on the same place, it is almost sure to 
a loss of vigor if not of quality. Usually this may be remedied 
the occasional introduction of fresh stock. Even if the seed was 
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grown on a neighboring farm, the conditions would be slightly 
ent and the plants would be of different ancestry. The plants from 
this seed grown beside those from the home stock would cross with 
the latter, and the result would be increased vigor and ijroductiveiiess 
without any injury to the variety. 

Only second in importance to the selection of the plants is the selec* 
tion of the seed itself. Not all the seed even of a good plant should 
be used for reproduction. Of the seeds gathered fmni prime plants 
some will be better than others. Only the largest, plumpest seeds 
should be preserved. It is true that large seeds from poor plants may 
be worse than small seeds from good plants, buti the best is never too 
good. By saving only the hugest seeds from the most nearly typical 
plants the stock (*an not. fail to be improved year after year. Too much 
emphasis can not be placed upon this matter of select ion. The selec- 
tion of th(5 beat seed from typical plants is as essential to continued 
success in agriculture as are good soil and careful cultivation. 

If a farmer is unwilling t.o exercise care in the production of seed, 
he would do much better not to attempt it. It takes yeai’s to build 
up a good variety, but a few seasons of carelessncvss in saving seed 
will suffice to destny it. If he will not or can not exorcise cai^ in 
selection and in preventing undesirable crosses, the farmer would do 
much better to purchase seed each year. He may occasionally get a 
poor lot of seed, but if ho buys from reliable dealers success will be 
far more frequent than failure. 

HARVESTINC3 AND STORING. 

Seed should l)e allowed to ripen on the plant when possible, but 
must be gathered before the pods burst. Where there are but a few 
IX)ds, they can of course be picked by hand when the seeds are fully 
matured. Seedsmen find it necessary to harvest the crop a little 
before full maturity, in order to prevent, loss of seed. Melon and 
other wet seeds should be (carefully spread out to dry, after which 
they can be safely kept for sen ei*al years. When the seed on a plant 
ripens unevenly, the stalk may bo cut and set away in a dry shady 
place to mature. Tlio immature seeds, if not too young, will ripen 
and be of good quality. 

When the seeds liave been cleaned, they should be kept in a dry 
place. Seeds can safely endure natural extremes of heat and cold 
if kept dry. The way seeds are stored materially affects the length 
of time they will remain good. Seeds carefully grown, selected, and 
stored will rejjay all the attention bestowed upon them. A good 
farmer gives constant attention to selection and care in his treat- 
ment of live stock, corn, wheat, and potatoes, but too few give t6 
their vegetable gardens the attention that they deserve. Greater 
care in selecting or purchasing seed would go far toward improviiig 
the condition of the farm garden and making it provide an unfailing 
supply of choice vegetables for the home table. 



INSECT CONTROL IN CALIFORNIA. 


By C. L. Marlatt, 

^imt AasiHtant EntomoUtgist^ U. S. Department of Agrientture. 

(JENERAL REMARKS. 

The»«9uitn)pical climate and oth<‘r favoriiijLi: conditions of mncli of 
Calilorota have made this region the great fruit center of America. 
Seriofa»^^ra whacks to liorticulture, however, have not beim entirely 
wanting;^ and, in fa(*t, the very conditions whi(*h make the growth of 
a great variety of fruits i)ossible i)rovo most favorable also for the 
preseB©©' and multiplication of many grievous insect, enemies. These 
were introduced on i)lants received from all quarters of the 

world, and the jiroblem of insect control had, thc!*efore, to be 
proini>tly met. It was taken hold of with siudi intelligence and vigor 
both by iiulividuals and by tlie State authorities, and the outcome has 
been so successful, that th<‘ j)resent system of control in California 
furnishes one of the la^st practical guides for similar efforts elsewhere. 

The foMowing paragraphs summarize impressions gained during a 
four weeics’ study, in October and November, 1800, of horticultural 
entomology in (hlifornia, i)articular attention being given to the scale 
insects of citrus and othiu* fruits, and the j’esults of the importation 
from Australia and New Zealand of certain ])arasitcs and pivdaceous 
enemies of these scale insects. 

CULTURAL AND ( LIMATIC (H)NDTTU)NS. 

The visitor from the East is first impD^ssed with the distinctive cul- 
tural conditions iji California and tln^ important bearing these have 
on insect control. The necessity of irrigation for almost all fiaiits, 
including all citrus trees, limits enltivation to comparatively well- 
defined tnicts and greatly fa<dlitat(‘s the thorough inspection of 
orehardey The greater value of the products makes iK)ssible also a 
much p^ter annual outlay in care of land and expenditures for the 
proper wsaintenance of healthy conditions of trees and measures look- 
ing to tlii i)reventioii of inroads of injurious insects. The groA\ iiig of 
fruits to eom 111 only also the only industry of importance, and there- 
fore thwe is no division of interests. All this contrasts markedly 
wittt tHik conditions obtaining in the East, where fruits are grown by 
uearljr^every farmer and usually as a mere accessory to the regular 
fanit eiiDps, under such conditions as to make it often impracticable 
V.U 217 
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to undertake expensive remedial measures, and over sdeh winfie ar^ 
and often in such out-of-the-way places that inspection and eontrol 
are rendered almost impossible, at least with the thoroughaiess and 
care practiced on the Pacific Coast. 

Other influences which have an important bearing on the relation 
of insects to fruits in California are the climatic conditions, particu- 
larly the summer heat and the long summer drought. Heat is a most 
important factor, and it has been repeatedly demonstrated that where 
the temx)erature remains, as it often does, at 106^ F., or alwve, for two 
or three days at least two-thirds of the black scale are killed. As an 
illustration "of this, it may be stated that during the summer of 1896, 
when the drought was unusually severe and the teniperaiuri^ corre- 
spondingly excessive, it was the experience at Riverside that at least 
90 per cent of the black scale was destroyed by heat, including even 
eggs beneath the parent scales. The benefit from this sourc?e obtains 
in greater or less degree in the case of all the iiriportant scale inseid*s 
of both citrus and deciduous trees, and is a means of protection which 
is rarely, if ever, experienced in cooler or moistcr climates; in fact, it 
does not hold in northern California, where the rainfall is greater and 
the summer temperature less severe. The destruction of scale insects 
from this cause may be facilitated by the system of pruning which 
opens up the tree by the removal of interior growth, and such pruning 
is practiced and recommended by many growers in southern California. 

When considered, however, in connection with the imported lady- 
bird enemies of scale insects, which will be later discussed, the dry 
heat and pruning are both inimical. These introduced parasites need 
a certain amount of moisture for successful miiltiidication, hencte their 
usefulness is most marked in the nioister coast region, and advocates 
of reliance on parasites discourage pruning, since a dense interior of 
citrus and other trees furnishes the needed shade and moisture, and 
also i)rotecis from bird and other enemies. The need of such protec- 
tion is illustrated about Sail Francisco and northward, where the 
imported ladybirds are less successful ou account of lack of shelter 
afforded by deciduous trees, particularly in winter, 

SYSTEM OF INSPECTION AND QUARANTINING. 

Perhaps the most imiiortant element in the management of injuri- 
ous insects in California is the present system of official inspection 
and control, which is the outgrowth of many earlier experiments in 
this direction. AVithout going into details or alluding to the very 
important supervisory work of the State board of horticulture, atten- 
tion will be drawn merely to the county system of inspection. Each 
county has or may have, on petition of fruit growei^s, county horti- 
cultural commissioners, who are practically official entomologists and 
have charge of all matters relating to injurious insects, both as to 
quarantining against their introduction on plants and their eradieatiioii. 
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wmmtesioners either do their own inspecting or are empow- 
#&d to^ploy local inspectors, who may number from one to twenty- 
five or thirty, according to the number of districts into which the 
county may he divided. The local inspectors are 8iip|)osed to l>e 
familiar with the common scale insects and experienced in the appli- 
cation of remedies, and they make, at sufficiently frequent intervals, 
what is. pactically a trcie-to-trce inspection, and are empowered to 
enter all premises and enforce action. The result is that the presence 
of injurious scale or other insects is commonly detected at the very 
outset and remedial measuj’cs are promptly instituted. An entirely 
different state of affairs from what wo are familiar with in the East 
is thus brought a]>out.. Instead of neglect until a serious stage is 
reached, j^erhaps beyond repair, the insect rarely gets a foothold and 
is stain pe<l out before any real injury results. AV^ork is therefore, in 
the main, not rcunedial, but preventive, and in going through the 
orchards of citrus or other fruits in California one is usually impressed 
with the almost complete freedom from injurious insects, and, from 
an Eastern stand])oint, treatment of any sort would be often deemed 
entirely unnecessary. Here, however, if a few scale be discovered, 
the trees are promjhly treated, often in an expensive way, the owners 
and all intercstiMl fully appre<Mating the fact that it is much latter to 
prevent the increase of noxious insects at considerable cost, if ne(»(\s- 
sary, while the plant is still in llonrishiiig and vigorous condition 
rather than to wait until it is weakened and the possibility of its 
response to treatment is rendered doubtful. One witnesses, there- 
fore, fumigating or spraying ox)(M*ations where scarcely a scale is to 
be seen, and it is by tliis (*onstant and minute inspection and iirompt- 
ness in treatment that the ex(*(dlent condition of the orchards is main- 
tained. Remedial Avork is often done under t he supervision of exports 
detailed by the county commissioners and frequently under eontraet 
by persons who make a business of it, the ediarge^ being either so much 
per tree, as with treatment with gas, or so much per gallon, with 
waahes. TIjc conditions outlined apply with especial force to the 
citrus districts of southern Oaliforuia. 

In addition to this veiy (*areful supervision of existing plantings 
is the strict enforcement of quarantine regulations as a safeguard 
against the importation of new insect enemies to fruits. Very careful 
regulations ou this subject have been enact<Kl, the latest dated August 
15, 1894 These regulations prevent the debarkation at any point in 
the State of California of living jdants or fruits until they have been 
carefully inspected by quarantine officei’s, and, if necessary, properly 
fumigated. In the case of badly infested stock or wlierever insects or 
diseaees> new to the State ai'e found the material is destroyed out- 
right* The quarantine regulations apply to all luatierial brought in 
from Central or South America or other foreign countries on steam 
eeilhlg vessels, the ships being visited by a quarantine officer at the 
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moment of their arrival in port, and also cover the introd|ieti0M Ilf 
plants from other States or adjacent countries on the lines of^dlrands 
entering California. The Southern Pacific Company and W dlls, Fargo 
<fc Co. notify the State quarantine officer of the arrival of 4tree6 and 
plants at their diffei*ent stations, and instruct their ageiito not to 
deliver the material to tlio consignees until it- has been'?frPoperly 
inspected. This inspection is carried on by a chief quaranltoe o®€5©r 
at San Francisco and by the local authorities in the different aunties. 
The amount of infested material whic^li is by this system infeeroepted 
from year to year is enormous, and shows how readily and aqmstantly 
insect pests and plant diseases may be intro(lu(H*d willi living plants 
where no preventive measures are taken. At the poi-t of ilan Fran- 
cisco alone, during the year 150 steamers and sailing vessels 

from foreign countries had on their manifests, in i)ossessioii either 
of the passengers or crew, plants or trees. Tliis was out of a total 
of 400 vessels inspected. The great bulk of tliese i)Jants came from 
Japan, but nearly all the transpacific* counf-ries wcu'c^ reprc^nted, as 
well as South and C'Cntral America and jMexicH). Very many of these 
plants were infested with injurious insects already ])resoiit in Cali- 
fornia, but frequently with species not hitherto known in the State. 

In connection with the insi)ecti(>n for insects, other dangers are also 
averted. No less Ilian five flying foxi^s w<‘rc intercepted on shtplKiard 
and killed. This bat, or vampire, is a great menace to fruit intoi^ests 
in Australia, and would have like dauge?‘s for (’aliforuia. 

THE WORST SCALE INSECTS OF CALIFORNIA. 

The most destructive insect enemies of fruits in (.California are un- 
doubtedly t he scale insects, few if any otlier inseet-s, aside from the 
graiie Phylloxera, at all axqu'oaehing them in this respec^t. Of these, 
the ones of greate.st moment, and in the control of which vast sums 
of money are ex])eiided, a^e the blarjk sijahs the red s(*ah», loid the San 
Jose scale. For the olive and the citrus ])lants the black scale is the 
most. im|)ortant, and for the dechluoiis xilants tlie San Jose scale takes 
similar rank. 

Of the three scale insects mentioned, t he most serious pest at the 
present, time in California is undoubtedly the black scale {Lecaniuni 
olecv)y which occurs practically all over the State, and, in fact, has a 
world-wide distribution. This iiise(*.t is not only a heavy ditaiii on the 
vigor of th(*> trees, but exudes a great quantity of honey dew, m which 
a fungus propagates, <!r(»ati ng a black stifling de])osit which adhei'es 
closely to the twigs and leaves and discolors the fruit. This scale 
infests both citrus and deciduous trees, but is particularly injtaiious to 
the former and also to the olive. It is practically limited, mo far as 
severe injuries from it result, to the moist coast regions. TIm) moBB* 
tain districts remote from the coast have hitherto seemed unforoisaWe 
to it, although it is now slowly extending its range into these iMiitdbto 
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is there becoming gradually acolimatizecl. The mature scale or 
the eggs beneath the old scale can not be killed with the gas treat- 
ment or any other practicable method so far discovered, and hence it 
must be proceeded against in its immature stages. In the lower por- 
tions of the State, from Los Angeles southward, the liatching of this 
seatei which is single brooded, is comparatively uniform and is usu- 
ally almost altogether completed by t he end of October, when treat- 
utent either with gas or washes will be effective. In thii (*oast district 
about Santa llarbara the perio<i of hatcliing is much i)r()longed, 
extending from September well into November or December. At the 
time of the writer’s visit, early in November, scales in all conditions 
were found on trees at Santa Ihirbara, many with iinliatched eggs, 
and about. Saii Francisco hatching had luirdly begun. AVlu^re such 
irregularity occurs, the diflli<Milty and exj)enso of treatment ar(^ greatly 
increased, on aciiount of tlie necessity of repeating the applications 
several times. 

The red scale {As])i(li()tifs aitrnniii) is a <listin(*tive enemy of citrus 
trees, and, in common with the black s(*ale, is much more injurious 
near the coast, doing most damage in the old seedling orchards in the 
vicinity of Los Angedes. Still, in many of the best citrus districts, 
Including Riverside*, Redlands, l^mlona, Ontario, cte*., this scale is 
not at all bad and has nov^c^r (caused much loss, largedy from the fact 
that treatment, has always Ixh^u institut<Hl so promptly that the scale 
has never gained a real foothold. It seems, how(*ver, as with the 
black scale, to be slowly extemling its range and adai)ting itself to 
the uidand climate. In eominon with the San Jose scale, the red 
scale is subject at tiini*s t.o the attacks of a contagious disi^aso or 
fungus, which affects both young and mature scales. This has been 
especially noticed in the district south of Los Angeles. 

The third iiiiporlaiit scale in California is the San Jose setale 
diot%i8 penuriostis). This <*nemy of deciduous fruits, nearly all of 
which it attacks, is niucli less injurious now than in its (*arlier his- 
tory, especially in the Santa Clara Valley, which includes the San 
Jose district, and in south(*rn California. The statements whicli have 
been made, however, that it is no longer injurious in (California are 
quite eiToneous. The conditions of (dimate, already referred to, 
sometimes kill it out., and often it seems to be destroyed by a fungous 
disease, but in the V(*iy districts where tlieso influences are most 
active orchards neglected or improperly sprayed exhibit, t rees in as 
bad condition as (*an be found in any of the orchards of New Jersey 
or Maryland. The action of its two most active enemies, Chilo- 
corUs bivulnerun ami Aphelitnis fusripennis^ breeding, as they do, 
year round almost, is undoubtedly greater tlian in the East, where 
thuli? usefulness is limited to but little more than half the year. The 
ilAUidard remedy for this scale in California, viz, the lime, salt, and 
(Stilpftur wash, is uxidoubtedly thoroughly effective, and it is the 
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constant and thorongh treatment with this wash that in the 
keei>s the orchards in their present satisfactory condition. 

Many other scale insects in California are important at times^ hnt 
much less so than the three mentioned above. 

The white scale {Icerya purclmm)^ which, before the introdttctton 
of its imported ladybird enemy {Ve^dalia cardiiialis) (fig. 51), threat* 
ened the very existence of citrus cultures in California, is now no 
longer an important injurious insect. Very rarely are colonies of it 
found, and usually scattered specimens only can bo seen. In southern 
California important scale insects new to the State have been recently 
introduced, su(^li as the long scale {Mytlhuspis yloverii) and the purple 
scale (il/. cHn'rol(i). These serious enemies of citrus trees w'ere intro- 
duced about 1889 or 1800 with two car loads of citrus trees from 

Florida, whi(^li were planted 
without inspection in theliivera 
and San Diego Kay districts. 
With th(‘ same lot. of trees came 
also the rust mite (Phytoptus 
olem>riu^)^ whicli has gained a 
f(K)thold in the important lemon 
districts about. San Diego. In 
Florida this mite is not now con- 
sidered especially objectionable, 
rusty oranges often commanding 
bet ter* prices than br*ight ones, on 
account of their being sweeter 
and otherwise preferable. In the 
ease of the lemon, however, an 
injury to the rind is an impor** 
taut e.onsider*ation, a ]>erfect rind 
being absolutely (*sseiitial to the 
lemon on aec^ount. of the valuable 
products obtaiiKHl from this portion of the fruit and the uses to which 
it is put. Extended referen<*e will not be made lieie to other intpor- 
taut insects, such as the clover mite {Bryohin 2^^afp}isis)y locally 
known as the red spider; the peach-tree l)or*er the 

peach-twig borer {A ri(ir.sia linmiella) ; the grape root-loiise {PhyUoosera 
vofitatrijr)^ etc.. 



cc/ 

Pig. TA.—Vedalia cardinalia (tho imported lady- 
bird enemy of the whit© scale): a, ladybird 
larvae feed inn on female Bcialo; 6, pupa, and r. 
adult ladybird; </, oranjf© twig showing seal© 
and ladybird’s natural size (original). 


THE IMPORTED PARASITIO AND PKEDAC^.EOUS ENEMIES OP SC^ALR 

INSECTS. 

In no countrj* in the world has the possibility of control of insects 
by introducing and fostering their natural enemies l)een so thoroinghly 
tested as in (’alifomia. The very notable i nstance of the entire e^Ridi* 
cation of the white scale by tho introduction from Australis Jto 
ladybird enemy, VedcUia cardimlis, demonstrated the possibiUti«fi ia 
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tbis dii?ection in the most striking way. This one experiment saved 
the State its citrus industry, or the equivalent of many millions of 
dollars, and gave the greatest confidence in many quarters in this 
means of controlling insects, as well as incited tlie later action 
looking to the introduction of beneficial insects on a nnich larger 
scale* By legislative enactment, approved March 31, 1801, $5,000 
was appropriated by the State of California “for the inirpose of send- 
ing an expert to Australia, New Zealand, and adjacent countries to 
collect and import into this State parasitic and predaceous insects.” 
With the consent of llui honorable Secretary of Agriculture, Mr. 
Albeii/ Koebele, a field agent of the 
Division of Entomology, stationed at 
Alameda, C-al., who had previously 
been instrumental in introducing IV- 
dMia cardimtiis, was detailed for the 
work, the expenses of the trip being 
borne by the State of California. II is 
chief object w^as to obtain predaceous 
insects which might, exterminate the 
black scale, the red scale, and the San 
Jose sc*al(‘. Mr. Koebele’s mission 
lasted upw^ard of a year, and during 
this time he import.e<l into California 
probably 00,000 specimens, represent- 
ing very many speeies, eliiefly of lady- 
birds. Five or six of tliese si)e(*ies took 
hold well from the start, and two or 
three of them are still represented 
abundantly in tln^ orchards of Cali- 
fornia, the others having practieally 
disappeared. The important ones re- 
maining iiHdiide a very efiicient. preda- 
ceous enemy of the black scale in the 
little JRhizobids vent rails (fig. 52), and 
two much smaller species, li. deb ills 
and li, toowoainlnv, wdiich attack th(^ 
black scale, and also the red scale and San Jose scale to a less extent. 
The latter of the smaller species (jR. foowoondmdophaata^) had already 
been accidentally introduced into California prior to Mr. Koebele’s 
last trip, and is much the more abundant and widely distributed 
of the two. 

Two other species which obtained a foothold at the start and gave 
promise are Orem rhahjheus and O. ansfralasin^ The former 
was liberated in an orchard near Los Angeles and multiplied consid- 
erably for a time, but disappeared almost entirely during the winter 
of 1896-^9G, Both of these species obtained a good foothold on the 



Fit. vetttrahs i^the im- 

])orted ladybird oiieiiiy of tlio Tilack 
scale): o, larva, and Ixsetle, both 
jfreatly enlarijed; c, twijf of oranf?© 
with black scale, natural size (orig- 
inal). 
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i^ancli of lion. Kllwood Goopei^, near Santa Barbara, and up iQ tiba 
winter lueniionecl were very abundant, partleularly the 0. amtrcdtma^ 
which at one time, on the authority of Mr. Cooper, could be taken by 
the handful where it had eolloeted together, ae does the common lady* 
bird, for hil>ernation. It has now, however, practically disappeai^. 
The disappearance of those two species seems duo partly to climatic 
conditions and, in the case of Mr. (k)oper’s ranch, to the almost com- 
plete exhaustion of the black scale, which furnished their principal 
food suppl 3 ^ The two species, therefore, now of particular impor- 
tance are Jihizohtus venirahs and K, tootroomher. The closely allied 
and rarer i?. Jebilis can be distinguished from the latter wdth diffi- 
culty. 

Rhizobins renfralLs Mas early colonized on the Cooper ranch, and 
during the last three j oars has l)eeu distributed iu enormous iiiimbera 
to different parts of the State, 300, 0(K) or 400,000 having been colo- 
nized in southern California alone. This ])€'etle is by far the most use- 
ful of thc‘ re<‘ent importations b}" JVIr. Koebclo, and has alroad^'^done 
much good. It is about one-eighth of an inch long, oval, and in color 
nearly black, but <*lothod with whitish hairs, which ghe it a grayish 
api^earance. A few pairs were received bj" ]Vlr. Cooper in May, 1892, 
and by ()cto])er of the following j-ear tho^" had so multiplied that 458 
colonies had be<ui distributed and the black s(*ale was staniped out in 
the olive orishard w here the^ had been originall^^ liberated. The larvfe 
of this insect are found tiir(»iighout the winter, and it i>raetically breeds 
the year round in southern (California. Colonies are easily sent out 
1 ) 3 ’* inclosing them in wooden boxes with some dampened sphagnum 
moss. 

Many fruit growers are discouraged and j*esiime spra 3 ing because 
the scale is not iuimi^diately exterminated ly the ladybirds, forgetting 
that at least a year or eighteen mouths is ii(H*essaiy for the introduced 
lad 3 d)irds to be(*om(' miim^rous euougli to be effect i\'e, and a 3 ’ear or two 
more, Xicrhaps, to exterminate the scale. This iiise<*t requires favor- 
able conditions of moisture and winter protection and densi‘ foliage 
to maintain it suceessfull}", and consi<leral)le (*are has to be exercised 
to effect its colonization. It often hai)pen8 that colonies of several 
thousand in>erated together will entirely fail, and at other times a few 
hundred or a miudi smaller number will lake hold and multiply eucs*- 
mousl 3 ". One great difficulty In the introduction of colonies of lady- 
birds is the fact that they are i)re 3 "od upon by the little lizards, which 
are very abundant , and also by birds. 

In notable instances this ladybird has effect e<l the entire eradicati<m 
of the black scale in badly infested orchards. This is particularly 
true of the Cooper ranch and in the coast regions of southern Califor- 
nia, where the conditions are most favorable. In the more elevated 
and dryer fruit districts of southern California, and in northern CJali- 
fornia on deciduous trees, it is not very successful against the bl|U^ 
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scale, and in the latter situation fails to winter well on account of the 
lack of protection furnished by deciduous trees. It is an active enemy 
of all the Lecanium scales, and will also feed on plant lice. 

The best results with these imported ladybirds are exhibited on 
the ranch of lion. Ellwood Cooper, president of the State board of 
horticulture, and so fully convinced is Mr. Cooper of the efficiency 
of these natural enemies that he has abandoned all other means of 
control. Mr. Cooper’s ranch, which is a very extensive one, has large 
orchards of olives, with smaller lemon and orange orchards and tracts 
planted to figs and persimmons, together with nut-bearing trees, etc. 

Before this last importation of ladybirds was made Mr. Cooper’s 
olives, persimmons, lemons, etc., were badly infested with the black 
scale, the trees being much blackened with the associated fungus, and 
the fruit products inferior and limited in consequence. About three 
years ago Mr. Cooper discontinued the application of washes to his 
trees and put entire reliance on the imported ladybirds to control the 
black scale. Mr. Cooper’s ranch at the i)resent time is practically free 
from the black s<ialc, and his trees are bright and clean in appearance. 
He ascribes all of this benefit to the ladybirds, particularly Bliizobim 
ventrali^^ with some assistance from the smaller Rhizobiids and the 
two species of Orcus already mentioned. Probably all these lady- 
birds still occur on his ranch, the Rhizobiids, at least, being present 
in some numbers. The black scale still occurs scatteringly^ on his 
ranch, or, as he expresses it, ‘‘barely enough for seed.” In fact, it is 
not expected that- those ladybird enemies will effect the complete 
destruction of scale insects, nor would this be in a(?cordance with 
nature, but their chamxjions hold that tliey^ will keep these enemies 
of fruit trees in such check that no imxmrtaut damage will result. 
Rather than have the scales and their ladybird enemies with them 
entirely disappear, Mr. Cooper is contemplating colonizing the scale in 
isolated groves as ladybird farms, so as to have material in readiness 
in case of need for general dissemination throughout his orchards. 

Mr. Cooper seems to have demonstrated and, he says, has thor- 
oughly convinced himself that spraying and gassing can not be used 
in conjunction with these natural enemies. All of these treatments 
are very prejudicial to the successful multiplication of the ladybirds, 
and so fully convinced is he of this that he refuses to send out col- 
onies of ladybirds to anyone who sprays or otherwise treats his 
trees. He goes so far, in fact, as to hold that to spray where lady- 
birds have been liberated should be made a criminal offense, with a 
severe penalty attached. His own experience is certainly veiy in- 
structive, and seems to bear out his conclusions. Spraying had been 
constantly practiced on this ranch prior to the introduction of lady- 
birds, and was continued some time after they had been introduced. 
In one instance some forty-nine trees in the center of an olive orchard 
12 a96 15 
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were left unsprayed, the stirrounding trees being treated with kero- 
sene emulsion. Khizobius veniralis was introduced about the same 
time or soon after. Immediate benefit was noticed in the gi*eater 
vigor and healthier color of the sprayed area, contrasting with the 
blackened or sooty appearance of the unsprayed i)orti<)n. The lady- 
birds, however, worked altogether on the trees which had not been 
sprayed, and refused to take hold at all elsewhere. As a i*esult, nine 
months or a year afterwards, the condition of things was reversed, 
the sprayed trees were again black and sooty, and the unsprayed trees 
were freed of the scale by the Rhizobikls, and were of a healthy bright 
color. The diffei^ence in the appearance of the two portions of the 
grove >vas noticeable at a distance and remained so for some time 
afterwards, and eorninced Sir. Cooper tliat tlio presence of the wash 
on the trees was sufiicieiitly distasteful to the Rliizobiids to deter tliem 
from working in the sprayed portion of the grove for a long period, 
lie holds, therefore, that the failure of the Rliizobiids to take hold 
clTectively iu mtiiiy xilaces is due to the fact that tlu? owners of those 
raii<hf\s continue spraying. Mr. Coox)ei*\s exporicii<‘e lias been so su(^- 
cessfiil that ho is convinced that- all injui-ious insects can be controlled 
by the introduction of tlio iiroyier natural eneniies, with llie ivsiilting 
saving of the aiuouni now H^ieut in washes, etc., which, in his case, 
was four or five thousand dollars yearly. 

That in some measure the disappearance of the blaek seak^ on Mv. 
Cooper's ranch is duo to the eflcct of climate or disease is a fair infer- 
ence, in view of the exxiericnce elsew]iei*e; but the condition of his 
grove, as contrasted with other groves at Santa Barbara, seems to 
warrant the giving of iiiueh credit to the ladybirds. It will take, how- 
ever, an experience of some years to demonstrate wdiether tlio scab's, 
which are now in^arly exterminated, will be kept by llieso ladybirds 
from reappearing iu destructive numbers, and, if they do reapyH'ar, 
whether tJio ladybirds will again bring tliem under subjection. 

Of the other insects imyiorted by Mr. Koebele, two are w^orthy of 
mention. One of tliese, Cnjplohtnins imndroazieriy is an important 
enemy of several Coccidm, such as the mealy bug, Puiviuaria, etc. 
This is the species which was introduced in Hawaii, and has been so 
successful there in ridding cofTce plantations of Pnlvinnria psidiL 
It is being reared in confiucmcnt and distributed iu yKirtions of south- 
ern Calilornia, whore the mealy bug is an important pest, and speci- 
mens brought to Washington have demonst rated their usefulness by 
cleaning orange trees in the hotlioiises of the Department of Agricul- 
ture of mealy bugs. It gives promise of being a valuable ouldiHir 
enemy wherovei the climate is favorable, and in the North and East 
will be a valuable indoor moans of con t rolling soft scales. The other 
ladybird referred to is Novius koebeJei Oil., which i>reys upon sev- 
eral injurious scales, and is quite as important an enemy of the'white 
scale as Vedalia cardinalis. 
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Tho benefit from native parasitic insects was also very noticeable, 
particularly the parasitism of the brown apricot scale {Lecanium 
armeniacum Craw) by Corny s fusea^ in the Santa Clara Valley, fre- 
quently amounting to the parasitism of from 75 per cent to 00 per 
cent of the scales. Tho San Jose scale is also very abundantly para- 
sitized by the Aphelinus fascipennis. Of tho native ladybirds the 
most efficient is tho common twico-stabbed species, Chilocorus hivul- 
imniSy which, as an enemy of tho San Jose scale, is much more impor- 
tant than any of the imported species and is also a general K<*ale feeder, 
and occurs abundantly in orchards throughout tho Stat(\ 

CONTllOL OF INSECTS BY THE USE OF WASHES AND BY FUMIOATIOX. 

]Much of the work with insecticides in California has been similar 
1o tliat done elsewhere, yet the two or three most effective means of 
destroying insects originated in California and are still j^eculiar to 
tlie Pacific Slope. Important among these arc the gas treatment, the 
resin wmshes, and the lime, sulphur, and salt wash. 

It may slated of all the wmslies or other methods, that the eoiu- 
plcto (lestriu't ion of the scale is rarely if ever secured by their use, and 
is not, iiidecMl, hoped for. Experience has show n that the best that can 
bo done is (o etfect a practical elimination of the scale fur the lime 
being, and it is often necessary to repeat the treatment every year or 
two. In exce})tional ijases it may not be necessary to do this more 
than ouco in three years. All applications are therefore recognized to 
be as necessary and continuous a cluirgc on the crop as is eultivatiou 
or irrigation. 

THK (rAS PKOCESS. 

The UM' of hydrocyanic a<ad gas originated in California, and was 
ix3rfecte<l by a long i)eriod of cxperiinciitatiou by an agent of this 
division, Hr. D. W. Coquillet t. It has not been followed to any extent 
(dsew'hcrt*, however; but in southern California it is held to be the 
best treatineiit for citrus tree.s and is iiow^ better understood and 
more satisfactory than ever before. It is especially applicable to eitiMis 
trees, the abundance of foliage and nature of the growth of which 
enables comx>aratively heavy tents to be thrown over them ra|)idly 
without danger of breaking the limbs. Witli deciduous trees it has 
not been xiraeticable to use tents to auy extent, excex)t in the case of 
nursery stock, which may be brouglit together compactly and treated 
in mass under tents. This gas is also the principal agency used in 
disinfecting material coming into California from abroad. 

Tho practice of ‘‘gassing” or “fumigating,” as it is called, differs 
very little from the method employed a number of years ago when the 
process was first perfected, the main difference being in tho fact that 
refimxl oymide (98 per cent) is genemlly used in prefei’euce to the 
fused 58 per cent grade hitherto employed. Tho latter gives good 
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results when it is unifom, but, unfortunately, this is rarely the case, 
and even in different parts of the same barrel great variation often 
occurs. Only about two-thirds as much of the stronger cyanide is used 
as of the weaker grade. The following table, prepared by Mr. John 
Scott, horticultural commissioner of Los Angeles County, gives the 
proportion with the stronger cyanide for trees of different sizes: 


Height of tree 
(feet). 

Diameter 
through foliage 

(reel.) 

Water 

(fluid ounces). 

Sulphuric add 
(fluid ounces). 

Cyapide 

(outiooh). 
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Hi 
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1 

20 
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81 

8) 
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The old statement that less time is required for small trees or jjlants 
than for larger ones is found to be an error, and, in fae4, it is reason- 
able that an insect is no more easily killed on a small ])Jant than on 
a large one. The limit in application of gas is to apply it at a strength 
and fora length of time, forty to forty-five minutes, as groat as the tree 
can stand, and, in fact, the tender terminals of the tree should be 
slightly scalded, which is ijroof that the gas is of proper strength, and 
treatment of this character is necessary to destroy the red scale and 
the young of the black scale. For very compact trees with dense 
foliage from one-fourth to one-third more gas should be generated, 
and this is true also of the moister coast regions, or within 10 miles 
of the coast, the moisture or the cold surface of the leaves condensing 
a certain proportion of the gas. In the case of young trees and nui’S- 
ery stock there is much less danger of scalding if the gas be generated 
slowly, either by employing a greater amount of water or using the 
cyanide in large lumps. 

Trees arc fumigated for the black scale in southern California in 
October, or preferably in November, the young black scales in this 
part of the State having usually all emerged by October 1, After the 
black scale has abandoned the leaves and gone back to the twigs and 
fixed itself firmly, the gas is no longer effective against it. The red 
scale may be treated with gas at any time, but preferably at the sea- 
son already alluded to. The applications are made at night because 
the action of sunlight powerfully increases the scalding effect of the 
gas on the leaves. Most of the work is done by contract or under 
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the direct supervision of the county horticultural commissioners. In 
Los Angeles County the horticultural commissioner furnishes tents 
and material at a mere nominal charge, together with one experienced 
man to sui)erintend the work, while a crew of four men operate the 
tents. The wages of the director and men are paid by the owner of 
the trees. 

The tents now employed are of two kinds, the ‘‘sheet” tent of octag- 
onal shape for large trees, and the “ring” tent for trees under 12 feet 
in height. The ring tents, or, as they are also called, the bell tents, 
shown at extreme right in PI. V, are bell shaped and liave a hoop of 
half-inch gas pipe fastened within a foot or so of the opening. Two 
men can easily throw one of these tents over a small tree. An equip- 
ment of 3G or 40 j*ing tents can be handled by four men. They are 
rapidly t hrown over the trees by the crew, and the director follows 
closely and introduces the chemicals. By the time the last tent has 
been adjusted the first one can l)e removed and taken across to the 
adjoining row*. An experienced crew, with one director, can treat 
3r)0 to 400 five-year-old trees averaging in height 10 feet in a single 
niglit of eieven or twelve hours. The cost under such conditions 
averages Hl)out 8 cents a tree. 

With lar ge tree's the large sheet tents are draw n over them by means 
of uprights and pulh^y blocks, as illustrated in PI. V. Two of these 
sheets are iie(*>(*Hsary for very large trees, llu' first being drawm half- 
way over and the second drawn up and made to overlap the first. In 
the case of trees from 24 to 30 years old and averaging 30 feet in height, 
about. 50 can be treated in a night of ten or tw^elve hours, with an equip- 
ment of 12 or 15 tents, the cost lading about 75 cents per tree. It is 
not feasibh. to treat trees above 30 feet in height. 

Through the courtesy of ISIr. John Scott, referred to elsewiiere, and 
Mr. A. T. (hirrier, the owner of an orange ranch near Spadra, Cal., the 
writer was given an opportunity of w itnessing the method of operat- 
ing botli the sheet and bell tents. The handling of the bell tents is 
simple and needs no further description, but the large tents are not 
so easitj" operated, and the method of adjusting the great flat octago- 
nal sheets over the trees, while simple enough wlien once understood, 
will have, perhaps, some interest for Eastern fruit growers who may 
desire to experiment with the hydrocyanic acid gas. The only ma- 
chinery einiiloyed consists of tAvo simple uprights, with attached 
blocks and tackle. The uprights are about 25 feet high, of strong 
Oregon pine, 2 by 4 inches, and are provided at the bottom with a 
braced crossbar to give them strength and to prevent their falling to 
either side while the tent is being raised. A guy rope is attached 
to the top of each pole and held to steady it by tw o of the crew sta- 
tioned at the rear of the tree. The tent is hoisted by means of two 
ropes 70 feet long, which pass through blocks, fixed, respectively, at 
the top and base of the poles. The tent is caught near the edge by 
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taking a liitch around some solid object, such as a green orange, about 
which the cloth is gathered. By this means the tent may be caught 
anywhere without the trouble of reversing and turning the heavy can- 
vas to get at rings or other fastenings attached at particular points. 
The two remaining members of the operating crew draw the tent up 
against and over one side of the tree by means of the pulley ropes suf- 
ficiently to cover the other side of the tree when the tent falls. The 
poles and tent together aj*e then allowed to fall forward, leavingthe tent 
in position. Sufiieient skill is soon acquired to carry out rapidly the 
details of this operation, so that little lime is lost in transferring the 
tents from tree to tree, even when the trees approximate the limit in 
height, as was ilie case whore tlie operation was witnessed. A single 
pair of hoisting j^olos answers for all the tents used. 

Some practical experience is necessary to fumigate siuxiessfully, and 
it will therefore rarolj^ bo wise for anyoin^i to undertake it on a largo 
scale without having made preliminary experiments. If the cyanide 
treatment is to bo introdiieod in the East, it would bo well fur fruit 
growers to obtain the services for a year or iiiore of an expcn’ienced 
man from (.California to give them a practic^al illnstration of methods, 
and even in (Vilifornia it is recognized that such work is much more 
economically accomidished when given over to ex^>crieu(HHl i)crsons 
and doiK^ under conti‘a(*t. The gas treatment is probaldy the ntost 
thorough of all mediods, but eomphqe extermination is very rare. 
Fumigation must therefore bo repeated every two or lliree years, or 
as often as the scale inse<‘ts reapi>ear in any nurnbiuvs. 

The canvas emidoyed in tlie eonstruelion of tents maybe I’eiidered 
comparatively impervious to the gas by painting lightly witli boiled 
linseed oil. l''Jiis luis the obje(*tion, however, of stiffening the fa]>ric 
and adding eoiisidorably to its weiglit; it also frequently leads to its 
burning by spontaneous combustion unless cai’efull}^ 'svatelmd until 
the oil is dried. A much better material tlian oil is found in a product 
obtained from the heaves of the common prickly pear cactus {Opun- 
tin emjlcmanni), which grows in abundance in all the southern coun- 
ties of the State. The liquor is obtained b}^ soaking chopped-up 
leave>s in water for twenty-four hf)urs. It is given body and color by 
the addition of glue and yellow ocher or vcmetian red, and is applied 
to both sides of the canvas and rubbed w(dl into tlie fiber of the cloth 
with a brusli. 

STKAM AND SUPEKHKATEI) AVATEIl. 

The uj&e of stream for destroying insects is not a new method, but 
has recently been extensively experimented with by Dr. S. M. Wood- 
teidge, of South Pasadena, and the writer w^as given an opportunity 
to witness the process and to note the results of earlier experiments. 
The method is very simple and practically identical with the gas 
treatment just described. The steam is generated in a boiler, the one 
employed carrying 80 pounds, and is intr<>duced into the tent by meana 
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of a hose. As practiced by Dr. Woodbridge, the hot steam is first 
directed by haikl over the trunk and larger limbs; the end of the hose 
is then inserted in a box which has been perforated with inch anger 
holes, the object being to so distribute the steam in the tent as to 
prevent its burning the foliage by striking forcibly in one direction. 
The steam is loft on until the temimrature, determined by an inclosed 
thermometer, rises to 120^ F. in the tent. Two degrees higher will 
not injure the tendcrest growth, but a temperature of 125^ and upward 
will kill every blossom, bud, and leaf. Tlie time I’ccpiired to bring 
the tent to the proper teinporatiirc varies with the day and i)revail- 
ing winds. A tent 10 by 12 feet in diameter can bo brought to the 
teinperatui'c named in from five to ten minutes. When the necessary 
degree of lu^at is reached, the steam is partly shut off and the mercury 
maintained at the desired XK>iiit for seven or eight minutes. The 
lent is then r<‘Uiove(l. On the trees treated to the limit of safety, as 
des(*ribe<l, the red scale is killed on the leaves and twigs, but is not 
affected on the fruit. It is claimed for tliis x>rocess, on whicli there 
is no i)atent, that it is much cheaper than the use of gas, and that 
a 2*Vhoi*sepoA\ er boiler will furnish steam in ten hours for 100 trees 
averaging 25 feet in height. Further advantage claimed for this 
livalimuit is that it is said not to affect ]>ene(icial insects. The 
objections to the treatment are the necessity of carrying a cumber- 
souK^ steam apparatus through the orchard, and the fact that the 
t<Mits ar<‘ liable to l)e(‘ome wet from the steam and difficult to handle. 
It is also loss sue(*essful tliau gas, wdiich kills the scales on fruit as 
w’ell as on leaves and twigs. 'Fho cxxierimeiits, however, have demon- 
si rat ('<1 that good results can be obtained, and it is iiossible that in 
future something praetioablc in the destruction of scale insects may 
be a(*comi)lishcd with steam. 

In connect ion with the above experiments a demonstration was given 
of the use of suxKU’heatod water. This also necessitates the use of a 
steam eiigiiK', as in the former case. The water, which may contain 
an ins(‘cticide or be used merely as a hot spray, is raised to a tempera- 
ture in tlie boiler indicated by 40 xmiinds pressure. Tliis, wiien lib- 
erated through a nozzlt' at tlu^ extremity of a long hose, is oquiviilent 
to a i>ressure of about 15U xmunds. The liquid escaping from the liose 
breaks up into a forcible, hulf-steaiu sj>ray even with a veiy simple 
nozzle foiuued by compressed gas pipe, and is directed onto trees as 
ill ordiuaiy sjiraying operations. The princii)al advantages are that 
the spray pump is dispensed with and that the liquid is applied at an 
elevated temijerature. Tlie 8i>ray is, however, cool to the hand in the 
center of the stream at a distance of 18 inches and on the edges at a 
distance of 8 inches from the nozzle, and is not too hot to be borne by 
the hand at a distance of G inches from the nozzle. This indicates 
that the temperature of the liquid itself will not ordinarily be suffi- 
dent to kill the insects. 
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These experiments were especially interesting as indicating the 
futility of attempting to kill insects by means of hot sprays. The 
difficulty of recharging the apparatus and the cost of the steam plant 
will probably render this, as a method of applying liquid insecticides, 
impracticable in comparison with the gasoline-spray engines and ordi- 
nary spray pumps now in use. 

KEROSENE EMULSION. 

This well-known insecticide is used to a very considerable extent in 
California, much more so in recent years than formerly. It is the 
principal insecticide used in the district about San Diego, and is also 
used extensively at Santa Barbara and to a loss extent elsew^hcre in 
the State. The necessity for the use of very large quantities of insect- 
icides ill California has led to the establishment by private parties in 
several instances of steam or gasoline plants for the production of 
this insecticide wholesale. Probably the first extensive manufactur- 
ing plant of this sort was set up by Mr. W. R. Gunnis, county liorti- 
cultural commissioner, of San Diego, w’^ho manufactures the emulsion 
by the aid of a small engine, doing all the work of heating, (duirning, 
etc., by this means. With coal oil at 11 cents per gallon, he is able 
to produce the emulsion at a charge of 13 cents per gallon in the un- 
diluted state, which makes the wash as applied to the trees, diluted 7 
times, cost a little over cents per gallon. In his district, Mr. Gun- 
nis claims that the loss from scale insects has been reduced from 79 
per cent to 7 per cent, chiefly by the use of this wash. 

At Santa Barbara, the superintendent of the Las Fuentos ranch, 
Mr. Fi*ank Kahles, has set up a very large plant for the manufacture 
of kerosene emulsion for the use of this ranch alone. The plant is 
similar to that devised by Mr. Gunnis, and the capacity is such that 
the emulsion can be made in quantities of 100 gallons at a time and 
very rapidly. He uses a formula slightly different from the Hubbard. 
The proportions are 35 gallons of whale-oil soap, 100 gallons of kero- 
sene oil, and 50 gallons of water. This is diluted for application to 
tirees with 7 parts water, costing in the diluted state Ig cents per 
gallon.^ 

Kerosene emulsion has .probably been given its most extensive trial 
on the Pacific Coast at the Las Fuentos ranch. Two years since 
Mr. Gunnis sent his excellent spraying apparatus to Santa Barbara, 
together with some 8,000 or 10,000 gallons of emulsion, and thoroughly 
sprayed the lemon plantings, comprising upward of 25,000 trees. The 

’ Hr* Kahlea was formerly connected with a royal garden in Bavaria. He states 
that kerosene emulsion was used thirty years ago by Herr Schoenfeldt, the head 
gardener in the establishment. Soap was dissolved in hot water, kerosene added, 
and the whole agitated for fifteen or twenty minutes until an emulsion was formed. 
It was used as a wash for greenhouse and other plants* This seems to be a reliable 
record of theuseof kerosene emulsion much older than any records hitherto given. 
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present season Mr. Kahles has, with spraying apparatus made from a 
photograph of the Gunnis machine, twice Hi)rayed all the lemon 
orchards with the emulsion. By the Gunnis treatment many trees 
were killed, owing probably to the accumulation of oil in the bottom 
of the reservoir or tank, so that the last 3 or 4 trees with each filling 
received an iiiuisually heavy dose, which, running down the trunk, 
collected in the cavity about the crown caused by the swaying of the 
trees in the wind. The accumulation (»f oil is obviated in tlie new 
apparatus constructed by Mr. Kahles by giving the tank a conical 
bottom, so that the liquid may be thoroughly exhausted each time 
before refilling, and as a further precaution, before treating, the trees 
are mounded up about the base and the eailh thoroughly compacted. 

With these precautions no injury has resulted from the later spra}"- 
ings. "J'he last treatment, was given in September and October, 1896, 
the trees having again become thoroughly reinfestcd with the black 
scale and much blackened. Since the treatment the trees are respond- 
ing very rapidly in new vigorous growth and the fungus is rapidly 
peeling off, all the scales which had hatched prior to tlie application 
having been kilbnl. In this region, liowever, the black scale hatches 
very irregularly, and a good many young scales liavo since appeared 
which will make a later spraying necessary. 

RESIN WASH. 

This wash is a distinctively Californian insecticide, used much more 
generally than kerosene emulsion and ordinarily employed in the 
important citrus districts extending from Los Angeles to Redlands. 
It is often prepared and the work of spraying is often done by con- 
tractors, who agree b) cl(*.ar orchards from scale at a given cliarge per 
gallon, usually 4 cents. For small trees 5 years old and under, 1 
gallon is suflicient per tree. Trees of 20 or 30 years’ gro^vth require 
from 0 to 8 gallons. 

The form ula for this wash varies in ditferent sections. The summer 
wash usually contains 20 pounds of resin, 5 pounds of crude caustic 
soda (78 per cent), or 3^ pounds of the 98 percent, and 2,} pints of fish 
oil. The winter wash contains 30 pounds of resin, 9 pounds of crude 
soda, and 4f pints of oil. The ingredients are boiled in about 20 
gallons of water for two or three hours, hot water being occasionally 
added until 50 gallons of solution are made. This for both formulas 
is diluted to 100 gallons before application to trees. Greater efficiency 
is believed to come from long boiling of the mixture, and it is prefer- 
ably applied hot. It is used on deciduous trees for the black and 
San Jose scales and on citrus trees for the red and black scales, but 
the dense foliage of the latter renders thorough spraying difiicult 
except for young trees, and fumigation is much j>referred. An im- 
properly made resin wash is also apt to spot the fruit of the orange. 
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THE DAYTON WASH. 

This is a petroleum compound manufactured at Cleveland, Ohio, 
and sold at 11.25 per gallon. It has boon used at Kiverside for 
the past year instead of kerosene emulsion or resin wash. It is said 
to be nearly as effective as eitlier of the latter and is much cheaper, 
costing, apxdied to the trees, about 2 cents per gallon. It is used in 
dilutions of 1 part to 80 or 1 part to 100 of water for the young of the 
black scale. For the red scale a much slronger mixture is required. 
It does not spot the fruit. This wash is not claimed to bo the equal 
of the resin wasli, but thes failure of the orange crop at llivcrside, duo 
to the frosts of the winter of 1805-00, has discouraged growers, and 
they are unwilling to go to the expense of the resin or gas treatments. 
It is used chiefly against the black scale, which, in the new]}" hatched 
condition, is comjiaratively easy to destroy. 

niMK, SALT, AND SlU.PHl II WASH. 

This is the almost iuvarialdo remedy for the San Jose scale in Cali- 
fornia, and over much of the Stale it is undoubtedly very effect iv'o. 
Exxierieiiee with this wash in the East had thrown doubt on its iv.il 
efficicRoy as an iiisecti(u'dc, and it has been clearly denionsl rated that 
in the climatic conditions<aist of the Allcghani(‘s it isaliiiost valndcss, 
111 California, howcvei', tlie demonstration of its uscffulucss against 
the San Joso scale is coinxflcte and the bciu^tit of its ap])lica(i()n to 
orchards is most manifest. In the vicinity of Pomona, (-al., some 
unsprayed orchards were visited wliich wei’c as badly infested Avith 
San Jose scale as any of our Eastern orehards, Avliilc in adjoining 
sprayed orehards the scale avus entirely kilhal and the trees were 
rajiidly recoA^ering and shoAving Aigorous and healthy lU'W growth. 
Ill contiguous orchards, also of the same kinds of trees, similarly treated 
so far as cultivation is (‘oneerned, the trees which had been subjected 
to yearly siiraying AV(*rc at least one-third larger Hum untreated trees. 
This AA^ash is of value also as a fungicide, protecting stone fi-uits from 
leaf fungi, and is also a protection against birds, the common (Cali- 
fornia linnet doing great damage to buds in January and February. 
The wash is almost iuA^arialfly made and ajiplu'd by eontra(d.oi*s, and 
costs about 5 cents i)ev gallon applied to the t n^es. It is a Avinter 
application, being axiplied in January and Feliriiaiy. 

Along the coast region and in northern (California, wh(u*e moister 
conditions prevail, this wash is A^ery mucli less sue.<‘,essfnl, bearing out 
somewliat the experience of the East and doubtless explained by the 
similarity of climate in the districts mentioiu'd with that of the Atlan- 
tic Seaboard. In making this Avasli the chief consideration seems to 
be prolonged boiling. The AA^ash itself is practic^ally a sulphide of lime, 
with free lime and salt carried with it. Prolonged boiling Avill result in 
taking up additional sulphur, and Avill perhaps add to its caustic 



rnsncT cowimxL m califoeiha . 


235 


propei*ties. The proportions of the ingredients and the method of com- 
bmlng them varies slightly in different sections* The following is the 
ordinary formula; IJnslaked lime, 40 pounds; sulidmr, 20 pounds; salt, 
15 pounds ; one-fourth of the lime is first slaked and boiled with the sul- 
phur in 20 gallons of water for two or three horns; the remainder of the 
lime is slaked and together with the salt is added to the hot mixture 
and the whole boiled for a half hour or an hour longer. Water is then 
added to make 60 gallons of wash. This wash is applied practically 
every year, or as often as the San Jose scale manifests itself in any 
numbers. In the coast region and in the northern i)art of the State it 
is necessary to apply it with greater frequency than in the interior 
districts. 

INSECTiCIUE MACHINJblRV. 

The ai)paraUis for apjdying liquids to trees in California arc prac- 
tically as used else^^ li<^re. For many years back the means liavo been 
simple spray force j)umpsof various styles, usually of not very 
eapa(?i<y. Of late years stronger hand pumx)S, usually with air-pres- 
sun^ r(‘s<u’voirs, have been (‘in^doyed, and in s(*vcral notable instances 
W'ell-equip])od ])()wer sjirayiiig apparatuses have ])een eoiistructed and 
us(*d sii(‘cessfuUy from one to several 3 ’ears. The first x)ow"or sx)ray- 
ing ax>l»aratus used was the one manufactured by Mr. W. R. Guniiis, 
r(‘f(‘rre(l to and d(‘serib(‘d in an article by Dr. Howard, ‘‘The use of 
steam appaintus for sjiraying” (seoi)age.s 7 ^> and 74). Thousands of 
tn^es ha-A o Ihhui sprayed willi this machine about San Diego, and iihas 
also l)i‘en (extensively iised in other parts of the State. This machine 
has betm the ba'^is for at heist two others, one of w^hicli has been 
(‘inploy(‘d for a^i'ar or tw'o at IHverside, and the other is employed 
on the Las Fuenlos ran(‘h, Santa Harbara. With thcKSC machines llio 
op('ratiou is very rapid and is carried on Avith an efficiency not liith- 
ci'lo c([iuiled Avith any otluu* api)aratus used. For the details of llu' 
const ruction of t hcs(' ma(*hines and the metliods emxAloyed in refilling 
in llie fi(4d, so that no lime is lost, and other points concerning tliem, 
rcnu'iuice may be made to the article cited aboAx\ 

CMANCLUSIOX. 

In taking this general vioAv of the insect x)i*obleiu in California, one 
is iinx)ress(‘d first Avith the fact that the i)eculiar conditions of climate, 
particularly of heat and moisture, and the vsystem of culthmlion Avhieli 
these necessitate arc really more imx>ortant considerations than any 
others in the control of insects; and as these A^ery conditions arc more 
or less local, many of the measures which are successful in Cali- 
fornia Avill x)rovo impracticable or inai>plicablo elsewhere. The use of 
gas, for instance, which is so very successful in California wiili citrus 
trees, can not be oiisily emxfioyod in our Eastern deciduous orchards. 
It will, however, apply to the citrus groves in Florida as Avell as iu 
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California. Manjr of the washes employed in California owe, as has 
been pointed out, their efficiency to climatic conditions, and unless 
these conditions are duplicated elsewhere these washes can not be 
expected to give similar results. This applies particularly to the 
lime, sulphur, and salt wash, and to some extent also to the resin and 
other washes. Of much greater value, however, to Eastern horticul- 
turists is a study of the system of minute orchard inspection practiced 
in California, which, after all, is the most valuable feature in her 
measures for the control of insects and plant diseases. The impor- 
tance of immediale discovery of injury before it has become estab- 
lished needs no especial emphasis. Such orchard inspection, with 
supervision of treatment, in connection with a system of quarantine, 
will do much for Eastern fruit growers. It may bo impossible to 
accomplish such work with the same efficiency and thoroughness as 
on the Pacific Coast., due to the greater difficulty of extending inspec- 
tion and treatment over scattered areas of mucli wider e.vtent, but 
that immense go(Ml can be gained can not for a moment b(! doubted. 
The present system in California is not a theoretical or experimental 
one, but is the oritgrowth of the practical experience of years, and it 
is within the i)ower of Eastern fruit growt;rs, by adopting (,'alifornia 
methods so far as they can be made to apply, to save years of experi- 
mentation, which in the end would probably bring about a similar 
system, but only after immense loss to the fruit interests had been 
incurred. 



DISEASES OF SHADE AND ORNAMENTAL TREES. 


By B. T. Galloway and Albert F. Woods, 

Chief arid Assistant Chiefs Dwision of Vegetable Physiology and Pathology, 
IL S. Department of Agriculture. 

GENERAL REMARKS. 

Spoakinp: generally, the diseases of trees may be divided into two 
classes: (1) Those in which conditions of soil and climate are the con- 
trolling factors, and (2) those where imrasitic enemies, such as insects 
and fungi, are the principal -agents involved. Some of the more 
important insects were described in the Yearbook for 1«^05, and there- 
fore the present remarks \n ill be confined for the most part to the 
diseases in which conditions of soil and climate and parasitic fungi 
are invo]ve<l. 

No sharp line can be drawn between the two classes of diseases to 
which ref(‘rence has been made. If they were controlled by a single 
set of factors, this might be done, and the question of identif jing them 
Mould then be a very simi^le matter. Con* plications, however, are 
£ilways involved, and these become more intricate the more they are 
investigated; in other w^ords, the tree is i‘eady at all times to adapt 
its(‘lf, within certain limits, to surrounding conditions, and in doing 
this elennmts of weakness may be developed wdiich will result in dis- 
ease or death. The adaptability of trees, therefore, to environment 
is a most important matter in considering the question of diseases, 
and to properly understand the latter it may bo well to briefly review 
some of the more important points involved in the former. 

It is a matter of common observation that different types of soil and 
climate support different kinds of trees and other jjlants. It is not 
always, however, because we find certain kinds of trees growing in 
certain mi\H and under certain conditions, that the peculiarities of the 
soil and surroundings account for their growing there. Such trees 
may grow very much better under different conditions if an oppor- 
tunity is offered; otherwise they will continue to grow where they are, 
at the same time tacitly protesting against their environment by 
responding to the more suitable surroundings if they appear. 

An important matter for consideration in the question of adaptation 
of plants is the fact that the individual is much more susceptible tiO 
changes than is the species as a whole. For example, an individual 
white oak tree in a moist, warm region would make a groMdh which 
would quickly dry up if moved to a rejg^on where moisture is deficient, 
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blit wlioro other white oaks were growing, whereas if it had been 
started from the first in the dry region it would have adapted itself to 
the conditions and thrived there. Conversely, the tree growing in a 
dry region or place, if moved to a wet location, is liable to suffer, as 
it is unable to adjust itself to such a sudden cbaiige. It is a common 
practice to transplant trees from the forest to yards and other places 
where the conditions of soil and air are quite different from those 
under which the jdant originall}^ grew. In such cases it is difficult 
to get the trees to live, owing to their iiiabiliiy to adjust themselves to 
the new requirements. If they do not entirely siiccuinb to the effects 
of changed surroundings, they may, during the period in which they 
are trying to adjust themselves, be attacked by parasitic enemies, 
which will simply result in death in another form. 

From such facts as here addiiee<l it would appear that disease or 
death of trees is largely the result of combinations of unfavorable 
factors, and that where these latter are favorable to the i)erformaiice 
of the normal functions of the trees they might continue to live indef- 
initely. Unlike an annual or biennial plant, a li’oo nuicws itH(*lf 
each year by a thin layer, wiiu'h forms bchveen the old bark and the 
wood. This layer is the starting point for the next generation, so 
that W'e have a great mass of dead and dying generations within, 
coated outside with a live generation, which is Just as distinct indi- 
vidually from previous generations as a new plant produced from 
a cutting or bud is distinct from the imrent, and which, therefore, 
strictly speaking, is never old. 

x\8 long as the conditions for obtaining food and water from the soil 
and for conducting these to every part of the tree are favorable and 
the effects of climate are not detrimental to growth, the living x)()rtioTi 
of the tree should be as vigorous as ever. Tlieso (‘onditions, how ever, 
are seldom attained, and a result the duration of life is long or 
short accoi'ding to the sibility of the tree to overcome the difficulties 
in the way of its develoi)ment. Tims, if there is a continual drain on 
the supply of soil foods, with no addition, the tree will ev entually starve 
to death or become so w^^akoiied that it w^ill succumb to the attacks of 
Ijarasites; a period of drought may kill many feeding roots, branches, 
and leaves, and as those decay openings will be left for parasitic fungi; 
a period of cloudy, wet weather may do the same by asphyxiating 
many roots and leaves; a severe cold sjKill may ‘‘kill baek’^ young 
growth and injure the young leaves in the spring; a late, warm, and 
moist fall after a dry summer may induce a fall growth which <^aii not 
mature sufficiently to withstand winter (^old, and is thus “killed back ; ” 
insects may defoliate the branches and borers mine the trunk and 
limbs, and thus cut off the distribution of food and water and make 
openings for the entrance of parasitic fungi; parasitic fungi may 
attack some part of the tree under certain favorable conditions with- 
out the tree being previously injured; a tender vegetative growth, 
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althougli perfectly healthy and normal^ may at a certain phase of 
devclopnxeixt be nnable to resist the attacks of certain parasites, while 
later the parasite may not be able to gain entrance; the chemical com- 
position of the jnices, or the prevalence of sugar, starch, and acids 
or bases, may make it possible for parasites to attack the tissues 
during certain stages of growth, and thus produce disease. 

From the foregoing, it will seen that any disease, no matter how 
simple it may ai>pear on the surface, involves complications which 
require careful stiidj", and it is only such study that will enable the 
intelligent growler to obtain tlie highest success in his work. 

DISEASES DUE TO SOIL CONDITIONS. 
of pood and water. 

A disease known as “stag licad” or ‘Hop dry ” frequently results 
from Ifu^k of proper food in the soil. The trouble manifests itself liy 
tlio gradual death of the top of tlio tree, the lower branches remaining 
gnuui, but making little active growth. It is common in forests, 
especially wIku'o the conditions have been changed l)y cutting out or 
burning the undergrowth, by greatly thinning out the trees, ^ or by 
ex(*essive drainage of moist areas. It- oft(‘U aiqa^ars in parks wln*ro 
the natural undergrowth lias been cut out and the trees have been 
thinned, tlins e\]iosing large areas to the sun and the washing otTects 
of ]i(‘avy rains. In sucli cases there is at first, as Ilartig points out, 
an ae<*elera.ted dei'omposilion of the huiiuis wliudi covers the soil. At 
the same time tln^ manufacture of sugar and starch b}^ the leaves is 
incr(*ased, owing to an incrcastsl supply of light. Stimulated by this 
increase of food, all tlu' IxmefiU'd tret^s make a more vigorous growth, 
dormant buds d(*veloping into leaves and bramdies, especially in the 
lircviously shaded lower i)arts of the trees. This may eontinue for a 
few years, or until the stoek of luimiis and other available food mate- 
rial is reduced. The soil then dries (*ul to a eonsiderable depth <luring 
the summer, and as a result many of the upper feeding roots are 
killed, the natural processc^s w’hieh render plant food available arc 
interfered with, and starvation begins. As the soil becomes poorer 
an<l p(M)rer the lower branches appropriate most of the food and wmler 
and the upper ones, not bting able to obtain their share, die. 

Tree's planted in parks, in yards, and along streets are especially 
snbjtHit to this disease. (Trowing year after year where there is no 
addition to the available soil foods, especially nitrogen, and wiiei*e the 
soil is dried out by the sun and grass, star^mtion necessarily follows. 
The tree therefore^ gradually stops groiving, the branches and limbs 
slowly die, and other diseases set in, until finally the last branch is 
dead. Another cause of this trotrble is often found in the process of 
grading, which removes what good surface soil there is, loarfng one 


^ Hartig, Diseases of Trees, pp. 270-272. 
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not only of poor physical quality, but also lacking in nitrogen, if not 
in other available soil foods. In planting trees in such places a hole, 
possibly of sufficient size, is dug, and the tree is set in this, probably 
with some richer soil, which will furnish food for an indefinite period, 
according to its quality and amount. If the quality of the soil is 
poor and the amount small, the tree will begin to starve in five or six 
years; if the quality is better and the amount larger, it will last for a 
much longer period. But no matter how good the soil may be to start 
with, unless the food supply is properly renewed it is sure to become 
exhausted as far as the tree is concerned, and starvation, with all its 
incidental troubles, will follow. (Fig. 53.) 

Preventive meamires . — It is evident that a constant supply of proper 
food is necessary to prevent this disease. If the soil is naturally rich, 
well drained, and of good texture, little need be done in the Avay of 
improving it. Wherever practicable, the ground underneath the tree 
should not be coinjdetcly sodded, but should be planted to low-grow- 
ing, shade-enduring plants, so that most of it may be worked and 
top-dressed each year, thus keeping up the fopd supply and the proper 
aeration of the soil. The poorer the soil the greater the precautions 
that must bo taken in this direction. When trees are to bo set in very 
poor soil, as is often the case in cities, a hole at least 8 feet long, 2 
feet deep, and 3 feet wide should be excavated and good soil sub- 
stituted for that removed. Along streets and walks as large a park- 
ing as possible should bo loft around the tree. Each year this should 
be si)aded as deep as possible without injuring the roots, and then 
top-dressed with good rotten manure enriched by a sprinkling of 
ground bone. Grass or weeds should not be permitted to grow in this 
area, nor should the ground be allowed to become trampled down. If 
these precautions are taken, the healtii and life of the trees will bo 
extended many years beyond what they would under less favorable 
conditions. 

IMPERFECT CIBCUI^TION OP AIR IN THE SOIL. 

The proper aeration of the soil has an imj)ortant bearing on the 
health of trees. The amount of air and its circulation are affected by 
the size and arrangement of the soil grains, amount of water present, 
proximity of pavements, filling, grading, etc. Whatever may be the 
cause of imperfect aeration, the effects are far-reaching and impor- 
tant. In the first place, nitrifying organisms can not carry on the 
important process of fixing atmospheric nitrogen in soils deficient in 
air, especially its most important element, oxygen, while other sim- 
ilar organisms may even cause the destruction of what nitrates there 
are present. This is particularly true of wet soils and those of very 
close texture. The presence of much water between the soil grains 
prevents the circulation of air, and there is consequent loss of nitrates, 
the most valuable of all soil foods. But aside from this important 
consideration the plant roots themselves require a plentiful supply of 
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oicjpgwiii order to carry on tUeir own life processes. Growth can not 
ti^ pllbce without it, neither can the formation of reserve materials. 
ThhBe jirocesses are especially active in roots. A doficioncy of oxygen 
for roots at once iK^comes apparent by cessation of growth, and, if too 
long continued, by the death of tlie roots, followed by star\"ation and 
death of the whole plant. 

Trees are often injured in ]>oorly drained soils during a wd j)eriod. 
Of coui’se, if the i)resence of waler is <*onstant and the tn^o has grown 
up under these conditions, 
it will produce juany sur- 
face and water roots, thus 
adapting itself to a woi 
situation. We refer here, 
however, especially to soils 
which are too wet only at 
certain pc r i o d s — low^ 
places, iiiidcrlai<l by hard 
l)an; wdiero ground water 
comes close to the sin-faee- 
or in stiff soils, whicli, 
becoming saturated, hold 
water for a long time. T]u‘ 
roots produe<‘d in tln^ 
rather dry or moist soil arc* 
injured or killed during 
wet periods, es])eeially tin' 
deeper ones, like the lap- 
root and the lower laterals. 

A prolonged wet i)eriod fol- 
lowed by a ^ery dry one is 
liable to comphdely kill t ho 
tree uinler such conditions. 

In soui(>» of file closc'- 
textured soils of tlu* Wi^st 
and Southwest, naturally 
deficient in aeratioji, lives 
often suffer or are killed 
during the rainy season, 
or by excessive irrigation. 

When the roots are not kille<l, they are so weakened as to b<* made 
subject to the attacks of various root-rot fungi. 

Trees planted along the i)aYed streets of towns or cities nearly 
always suffer from a lack of aeration of the soil. The exchange of 
gaseet between the soil atmosphere and the air is greatly regarded by 
pavements and walks and by the hard-pa(»kod siirfa(*o of roads which 
we not paved. This trouble is especially liable to occur along streets, 
12 10 
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where the ground water is only a few feet from the surfacei SMling 
prolonged rainy weather the water rises, making the soil wel'i^sp atose 
to the surface. The pavement adds here to the evil of pa»r 
drainage, preventing evaporation and aeration. 

Another means of cutting off the soil air is by filling and dm^p plant* 
ing. It often happens in grading that soil is filled in aronnd trees, 
sometimes to a depth of several feet. In naturally well-aswited soils 
the damage that may result from this practice is not so great or m 
soon apparent. No special harm may result in su(*.h soils if tho amount 
added is not more than a foot in depth, but where it creeds this 
more or less rapid asj)hyxiation of the roots and lower part of the 
trunk will follow. The tree may not be killed, but it will tat least be 
greatly checked and stunted in growth, making it more object to 
other diseases. 

The same troubles often result from too deep planting, esi)ecially 
in heav 3 ^ soils. The deeper roots rot, and the tree makes a slow, 
stunted growth, and sometimes lasts for many years, when it either 
dies of its own accord, is blown over by the wind, or death is hastened 
by some parasitic disease. Largo numbers of young tirees set only a 
few inches too deep are killed in this way. 

Preventive we(ustirvs . — In all cases where tluu’e is a lack of aeration 
steps should be taken to keep the ground around the trees stirred. In 
cities parking must be left , and where the ground is hard it should be 
frequently spaded to a depth of 6 to 8 inches, as already described. 
Where the ground has been filled in around the trees, the latter, if not 
too old, may be saved by removing small patches of bark down to the 
wood. This sho\ild be done at points beneatli the soil so as to induce 
the formation of now roots from th<^ wounds. Some trees, like willows, 
poplars, beech, and horn beam, but especially shrubs, produce adven- 
titious roots just beneath the surface of the ground, and these are able 
to preserve the trees thougli the deeper roots may be kilted. 

CASKS AND OTHEU POISONOUS SUBSTANCES IN THE SOIL. 

Asphyxiation of the roots of trees is sometimes produced by illumi- 
nating gas which has escaped from some gas main near by. It proba- 
bly also acts as a direct poison. Diseases produced b}’^ other poisonous 
substances in the soil or by too great concentration of suhStances not 
poisonous arc too rare to warrant their treatment hero. Tiiae injuries 
from escaping gas can be remedied only by stopping tli© leak, and 
after removing as much of the old soil as possible filling in with fresh, 
rich earth. 

DISEASES DUE TO ATMOSPHERIC CONDITIONS. 

As already pointed out, no sharp line can be drawn hs^een the 
diseases due to conditions of the soil and of the air. AiS m matter 
of fact, a weakened state of the tree, due to certain conriBtifms of 
the soil, will make it all the more liable to succumb to alHIMii^iierie 
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tefluences. Again, it may happen that very favorable conditions of 
the soil may start growth at a time when it might be injured hy cold 
er other conditions of the atmosphere. 

DESIOC^ATION, OK DRYINO OUT. 

Toung leaves and sometimes tender shoots which have pushed out 
during a spell of cold or cloudy, moist weather frequently wither and 
die when suddenly exposed to bright, hot sun. This is ordinarily called 
swn scald. It is not, however, a true scalding of the tissues, but is due 
to the fact that the latter lose water more rapidly than they can obtain 
it, and so wilt and dry out beyond the power of recovery. The excess- 
ive lossof water is brought about mainly by the leaves prod need in very 
moist air not being adapted to resist excessive evaporation, even when 
there is an abundant sujipl}" of water in the soil and in the main parts 
of the plant. The trouble oc^curs more often in spring, when growth 
is rapid, and cloudy, moist days are followed by hot, dry ones. Later 
in the season the death of the margins and tips of the leaves of a 
great variety of tre(?s, shrubs, and other plants is often observed. 
This is especially noticeable when a J'ather moist spring, favorable to 
growth, is followed by diy and very hot weather. Trees making a 
poor, stunted growth sutf<M’ most, although any tree is liable to injury 
if the right conditions x>revail. In parts of the West and Southwest, 
the disease descrilK'd is pi'oduccd in a very sliort time by hot, dry 
winds, which sometimes swe^ep oven* the country. Fretjuently the 
leaves are literally cooked, but oftener the edges wilt, turn red or pale 
yellow, and then <lry up. 

Desiccation may also occur in the winter; in such cases parts of the 
tree or even the entin^ tree may b(^ killed. Kv'ergreens, especially 
pines, are fre(iuently seriously injured from this cause. A few warm 
days occurring at a time when the roots arefro/.en or when the ground 
is so cold that it hinders root action, cause the needles t.o turn reddish 
yellow and fall. Frequently only the tips of the needles at the ends 
of the braneh(\s arc aHect.(id, and again young and exposed trees may 
be thoroughly dried out and killed. (V)ld, dry winds may bring 
about the same effecls as waimi ones wilJi sunshine. Any conditions, 
in fact, which will (^ause a more rapid evaporation of water than the 
roots can supply will, if continued a sufficient length of time, even- 
tually result in the injuries <lescribed. 

Preventdre rneasiircs . — In cases such as have been ref<uTe<l to it 
would be difficult to carry out remedial measures. In most instances 
the injuries are done before any steps are taken to prevent tliem, and 
of course it is then too late to save the tree or the parts of it that may 
have been injured. The efforts of growers, therefore, should be 
largely toward keeping the trees in such condition that the injuries 
be prevented. The means of preventing summer desiccation, 
while simple in themselves, are not always easily carried out. In 
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oases where the injury results from imperfect root action owing toiKMi 
conditions, the latter may be changed by drainage, by cultivation^ 
and in other ways by which more air is given to the roots. If thes(^ 
is too dry, as is oftcui the case, its water-holding capacity may be 
improved by proper cultivation, by the addition of organic matter or 
humus, by mulching, etc. Top-pruning in dry seasons will often 
check the excessive demand for water and thus prevent injuries to 
the remaiud(*r of the t ree. At. present tliere seems to be no practical 
way of i)reventing the suddcm damage which may be done by hot 
winds, except by cojnous watering of the soil, and even this may not 
always prevent serious injury, owing to the rapid evaporation at such 
times. 

In the matter of preventing the winter “blighting,” or drying out, 
of evergreens, evesry effort. shoul<l bo mad(^ to keep tlio roots in such 
(*ondition that they can respond Avhen a demand foi* water is made 
Ui>on t.heiiK It is evident that, if the soil is well dried out when winter 
sets in injury will result wlienevcu* the conditions already described 
prevail. Wh<m practicable, therefore, libei-al aj)plieatioiis of water 
to the soil may enable the trees to successfully pass through winters 
wliidi, if such precautions w(U’e not taken, might pi’ove injurious. 
Liberal mulching with straw or manure may also ]>rove beneficial 
both as a (*ons(u*vator of lln^ moist ure and as a means of i)r(*venting 
the ground from fre(^zing too deep and hard. 

The most trying time for th(‘ trees is when they are young and 
small, that, is, before the roots liave extended very deej) the soil. 
Ai very litth^ (expense, however, such trees may be protected from 
both wind and sun by straw. 

EXCESS OF ATMOSPHERIC MOISTURE. 

During ])cri()ds of long-(*.ontinu(Hl rains or fog, evaporation from the 
leaves of trees is slow, and as a result the ent in* i)lant l)eeomes charged 
with wat er. One of the results of this is an unusual mechanical stim- 
ulation of growth, and this growth is increased by changes in the cell 
contents, which give tln^ cell in question an abnormal attractive i)ower 
for water. Uiuler these conditions nutrition is interfered with and 
the growlh produced is t.liiii-w^alled, unliealthy, easily dried up, and a 
ready ])rey for insects and fungi. Older j^arts of the plant are affected 
by these (umditions in various ways, one being the prodiuit ion of little 
warts and swellings by the abnormal growdh of (jells, as described 
above. Tliese may appcjar on heaves or steins, tlie tissues of which 
still possess some pow(‘r of growih. 

It often happens that leaves in the diseased condition described 
become water-logged in spots. This is especially common where 
two leaves are stuck tog(".ther with a film of water, instancei^ Ctf 
which have been observed this year on the Norway, the hard, and the 
soft maples, as well as on various other trees and shrubs. The ijjtese 
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(K)nt^ct of the water with the cells of the leaf is very favorable to its 
absorption. Wet, translucent spots appear, especially around any 
little injury like the puncture of an insect or tear in the leaf surface. 
The presence of this water between these cells cuts ofl* their supply 
of oxygen, and consequently they soon die and turn brown. The 
same trouble occurs vdien the leaf surface remains wet for twenty- 
four to forty-eight liours, even though not stuck to anolhei* leaf. 
The conditions about Washington, I). for example, liave becui un- 
usuall}^ favorable to this trouble during the ])re8(uil season. Jn (^arly 
spring vegetation was at first a little rotardcnl by (‘ool weatluii’, but 
this was suddenly followcnl by good growing weather, during which 
the leaves of most trees and slirubs, t^speeially those of Norway’ maples, 
I)ushed out with great i*api(lity. This latter jiei-iod was followed ])y 
one quite dry and warm, during which red si)iders inereased to unu- 
sual numbers, parti(tiilarly on the lower and riiore ])rote(*t(^d leaves of 
the crown. Aft<*r this (‘ame a i)eriod of sev(U‘al days of rainy weather, 
and many of the spiders were washed off, but the leaves where they 
had Ix^on working became wate7‘-logg(‘d, as descu'ibed elsewhere. The 
Norway ma})lesand horse-chest nuts suffered most, flie heaves of th(‘se 
trees in many c-as(‘s apjM*aring t.o have been scorclied by fire. 

Prevevlh^e medHuroH , — Water logging and other injuries resulting 
from ail excess of moisture in the- air are not (‘asily ])rev(mted; in 
fact, it is (jin^stionable whether anything practieal (*an bo done in 
such cases. However, trees can be ina<ie much less liable to such 
trouble by })rox)C)*care in planting, feeding, etc. As aln^ady described, 
8U<*h trees as Norwa,y luaiile and horse-(*liesfniit, which ani peculiarly 
8iisc(?ptible to injuries of this kind, reciuire sjiecial care, and It is a 
question wheth(‘r it would not be best in the end to disemrd them 
•entirely where tln^ (*onditions are such as to make it almost impossible 
to keep them in healtli. 

now TEMPER AT ORES. 

The injuries from fr<'ezing are closely related to those brouglit ou 
by desiccation. In fact, freezing of the tissues is a drying out of the 
water whi(*h they contain. If the tissues are <lric(i beyond the point 
where they are able to again take u]> water, they are killed. 

In a state of matairity and rest most of our trees and sliiaibs indige- 
nous to regions subject to frosts stand freezing withouti the slightest 
injury, iirovided they do not thaw out too rapidly. In case of plants 
introduced from w^anner climates, however, all dogret's of aliility to 
withstand cold are to be found, some being killed by the slightest 
frost, while others appear to adapt themselves readily to the changed 
conditionB and withstand quite severe freezing. The fact, that trees, 
especially exotics, growing in wet situations are more easily injured 
by cold than those growing in drier places, is ])robably because the 
former do not mature their growth, while the hitter do to a great 
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extent. This is true also as regards the more succulent parts of 
plants, which are notably more subject to frost injury than the drier 
I>ortions. Smooth-barked trees sometimes have their trunks and 
larger branches injured on the southwest side during winter, the 
injuries being eharaelerized by tlio death of large patches of bark. 
During the latter part of wiiilcM* and early spring, when there are 
periods of several days of warm weather, the eambiuni on the south 
side of the trunk and larger limbs is stimulated to premature activ- 
ity, If the warm spell is followed by eold, freezing ’weather, these 
partially active areas will be killed, after which they gradually dry 
out, the bark, >oiiiig wood eells, and cambium shrinking. After a 
time th(‘ bark separab^s from the w^ood and finally splits. This may 
not occur until pretty well into the summer months, and may not 
then be evident exet'jd upon close examination. During rains these 
portions become^ water-soaked, various ferment and d(‘cay-[)rodueiag 
fungi gain entrance, and the rolling of that pari of tlie trunk begins, 
extending rapidly from year to >ear, until the tree either lilow^s over 
or is killed. 

(Vaeks occur in a groat \ariety of trees during very eold spoils, 
especially vvluui the fall of temperature is Aer\ suddiui It is a well- 
knownfact that trees shrink under the infhieii<*(M)l intense eold in the 
same way that felled limber do<‘s.iu drying. Tliis shrinkage is due to 
the witlidruAval of water from tlie <*<*11 Avails, in the first ease h.v freez- 
ing and in the se(*ond b> OA^aporation. Tlu^ (‘vt(*nt of shrinkage is 
dependent upon the amount of Avater Avithdrawn. The (*ell walls of 
the out(‘r new wood usually eontain mon^ watei than do the walls 
of the heariAvcKxl. The outer Avood will shrink in drying more than 
will the inner Auiod and will therefore split. The ehanec^ of splitting 
is greater when the ouler-A\oud layers free/e before the inner ones, as 
they do <luring a sudden fall (»f temperature This is I lartig’s expla- 
nation of frost eraeks and the one wliieh lias the most experimental 
evidence in itsfaA'or. Other e\])lanat ions have been given, but it will 
be unnecessary to discuss them here. The era(*ks usually close up 
again during warm weather and ultimately lieal ov(u*, doing little 
damage to the trees from the standpoint of this article. 

Pr'eveniuH^ nifasures , — The injuries to tlie trunks and branches by 
alternate freezing and thawing and the diseases resulting from them 
may be prevented by shading the parts exposed to the sun by means 
of a board set up on the south siih^ of the tree, or, as is sometimes 
done, by screening the jiarts with straw, burlap, building paper, or 
other material Avhieh may^ be easily^ fastened to the f runk and branches. 
When once injuries of this kind liave been pi'odueed, th(^ dead areas 
should be cut out down to the healthy wood and the wound thus made 
covered with coal tar, varnish, or “hard oil.”* 

^Yearbook ot the IT. Department of Agncnlture for IHtlT), pp. 257-300* 
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INJURIOUS GASRS IN THE AIR. 

In the vicinity of manufacturing establishments and often in cities 
and villages where large quantities of bituminous coal are used, 
vegetation, especially trees and other woody plants, are freciuently 
seriously injured by the fumes which are thrown off into the atmos- 
phere. Smelting works, fertilizing manufactories, bri(*;k kilns where 
soft coal is used, and similar establishments are the princix)al agen- 
cies involved. Frequently the injuries maybe limited to a small area 
immediately adjacent to the factory or other x)lace from which tlie 
fumes are given off. Again, the effects of gases may be seen for 
several miles, usually extending farthest in the direction of tlie i»ro- 
vailing winds. Tlu’i effects of such gases on the trees are various, 
and it is often difficult to distinguish the injuries produced in this 
way from those resnliing from purely (climatic causes. From the evi- 
dence at hand it ai)i)ears that tlie chief injury in such cases is due to 
sulphurous and hydrochloric acids, acting singly or in combination. 
The effects of these xxusons are shown by the leaves turning reddish 
brown in sxiots or along the edges and eventually drying up entirely. 
The injuries are cumulative, certain branches of the trees being killed 
each year, wiiile the oth(M‘s may mak<^ a feeble, struggling growth, 
owing to the cutting off of the food supply through the injuries to 
the leaves. 

Prevoniire medstirrs , — The question of remedying or preventing 
such evils is an inqiortant one and may often involve complicated 
legal questions. It may happen that the establishment of a factory 
in a certain neighborhood will result in mu(»h injury to farmers in the 
immediate vi(*iriity ])y destroying tlieir trees and crox)s. All the evi- 
dence goes to show that little can be done toward mitigating the 
trouble in the way of spiMual apparatus for collecting th(5 gases, liigh 
chimneys, etc. The ([uestion therefore resolves Itself into one respect- 
ing the rights of the farmer on the one hand and the factory owners 
on the other. These matters, liowever, are Ix'yond the i)rovin<*.c of 
this article. 

FUN(U)LTS DISEASES. 

All portions of tlio tree? are subject to the attacks of fungi — minute 
parasitic plants, whoso vegetative parts, known as mycelium, pene- 
trate the tissues and by their action on them cause the various forms 
of blight, rot, etc. The fungi are rapidly propagated by means of 
spores and also in other ways, which do not concern us here. 'Jliere 
is a very close relation between these organisms and the various other 
factors, such as the condition of the air, soil, etc., already discuivssed. 
In other words, the growth and development of the fungous parasites 
are intimately related to the condition of the host, which is in turn, as 
we have already seen, materially affected by IIk^ weather and by the 
soil. There are many fungi which under ordinary conditions (*ould 
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never injure a tree, and yet if by some chance a favorable opportunity 
is offered they may prove quite destructive. (Fig. 54.) For example, 
a limb may lie blown or cut off, hail may make a bruise, or in other 
ways wounds may be produced, and in these the spores of cerltiin fungi 
may lodge and germinate and start decay that could not have been 
produced in any other way. Trees may succumb to the attacks of 
fungi only in certain stages of growth. Iluis, young <^onifers are 
seldom affected by the disease known as canker, be(*>ause any wound 
made in the trunk or branches is quickly eov(*rcd with a (*oating of 
resin, whicli prevents the si>ores of the canker fungus from developing. 

When the trees get to be (piite 
old, however, th<‘ wounds are 
not covered with resin and the 
spores of the (‘.aiiktir f ungtis fall 
in these places, germinate, and 
spread into tbo surrounding 
tissue, and th(^ tr<^e is killed. 
On tlie other hand, the young, 
tender, rapidly growing tissues 
are more suscci)tible to the 
attacks of c(M‘tain fungi than 
t hos(‘old(u*and better matured. 
With tbes(' introductory re- 
marks, wo may now pass to 
soim^ of tli(^ diseases in detail, 

U«>()T DISK ASKS. 

In consideringany case wliere 
fungi are found atta(*,king tlie 
roots the imiM)rtan(*e of the 
previous (dleels of soil condi- 
tions must- not- be overlooked. 
All injury or a weakened con- 
dition produced by any of the 
means already pointed out may 
periidt the entrance and devel- 
opment of some disease-producing fungus whicli might, not otherwise 
gain e!itran<‘e or find suitable conditions for development.. On the 
other hand, there are fungi which, while they ar(^ better able to develop 
under these conditions, are nevertheless able to gain ent.rance into and 
kill what appear to be perfectly healthy roots. 

Southern boot rot.— This disease, which is produced by a fungus 
known as Ozonuini auricoimun^ attacks a gr(‘.at variety of trees and 
other plants, including the elm, basswood, oak, cottonwood, mesquite, 
china tree, mulberry, etc. It also attacks cotton and tlie sweet po- 
tato — in fact, no plant appears to escape except the plum and some 
closely allied groups. 
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Tlie disease first becomes apparent by the sudden wilting of the 
leaves, aiid soon the death of the tree follows. Examination of the tai>- 
root and many of the other roots shows them to be dead and partly 
rotten, and thus unable to furnish the top witli watei^ or food. Trees 
growing in well-drained and well-aerated soils are seldom attacked, 
while those in soils very retentive of moisture are the first to succmmb. 
The disease is confined largelj^ to the Sout hern ami Soutlnvestorn States, 
and is especially bad in wet scavsons and wh(M*o (^xc^essive amounts of 
water are used in irrigation. If the roots are examin(‘d closely, a 
whitish or usually yellowish-brown growth of loosely interwoven, hair- 
like threads will be seen on the surface and in tlie decaying tissues. 
These are not (*onfined to decaying i)arts, but at tack apparently healthy 
roots. Oueo inside, the fungus si>rcads rapidly through the cortex 
and wood, killing th<* <*ells and causing their deca 3 ^ Only the myce- 
lium, or plant body, is known, and this is repi'odiiced from Immehes 
or pieces which jnay be broken or washed off. It has been observed 
growing in decaying v(‘getable luaterial takcui from the side of an 
irrigating ditcdi whi(di furnished water for pears, cottonwood, alfalfa, 
and other jjlants dying from th(‘ dis(‘ase. It is ])robable, therefore, 
that it may scmictinies be distributed in tliis way. It spreads along 
roots and decaying material from plant to plant through the soil, and 
its distribution may also be hasttuuMl by tools us(*d in cultivation. 

TreafnicNf , — It is s(ddoin that a plant, once atta<*k<‘d can saved, as 
the trouble is not apparent until th<^ root systcun is nearly destroyed. 
If there is any n^ason to fear this disease, trees should not 1)0 set 
on recently cl(‘ar(Hl land until tlu' roots of the original vegetation 
have rotted and the soil is cleared of sticks, limbs, (‘te. If the 
trouble appears, the diseased trees should lx* removed, with as much 
of the root systtuii as possible, and tlu», nxds burned; or it is still 
tetter to cut. th<‘ tr<*e down, leaving a stump 1 or 2 feet high, and 
then remove the earth about the nxds and allow them to dryout. 
When dry enough tin* st.umi) should be burmxl in itsoriginal position. 
Most of the fungus will in this way be burmnl and that in \ho. neigh- 
boring soil kilhxl. Every precaution should Ix" taken to keep the 
soil well drained, well a<U’ated, ami fr(‘e from wixxls. 

Honey mushroom {^igftrirus ///e//ea.s). — Anotlmr form of i*oot rot 
is produced byline my(*elium of the homy Agaric, or mushroom. 
The general appearane(» of the disc}ise<i plant is much the same as 
when attacked by the Southm’ii r<x)t rot. Young tr(x»s may Ix' killed 
within a year, but older om^s show a wt^akened, stunted growth, and 
finally, after several years, dry up smhhuily and die wlnui a hot, 
dry spell comes on. Upon examination the bark at tln^ bavS(M)f the 
trunk and on the larger roots will be found t o Ix^ dea<l. If a ]x)rtiou of it 
is removed, a white, leathery growth will Ix' secui Ix^t.wtxm the bark and 
the wood and between tlie <iifferent layers of hark. It may often 
be taken out in large sheets of varying thickness. The same will be 
found between the cortex and wood (»f the roots. On the outside of 
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the t*oote and in the surrounding earth dark-brown strands, varyinf 
in thickness from one twenty-fifth to one-twelfth of an lnol|, will hs 
found. These may in many cases be traced to the white mycelium 
between the Imrk and wood. It is simply the mycelium growing in 
a different form, as it is not subjected to pressure between the bark 
and wood. These Rhizomorphs, as the}’^ are called, spread a few 
inches under the surface of the ground from tree to tree, and thus 
large areas may become diseased from a single center. In the 
autumn, from the base of the diseased tree and from exposed roots 
and Rhizomorphs, the fruiting bodies of this fungus develop. They 
are y(dlowish-brown, and are from 3 to 8 inches high and 2 to 4 inches 
across the top. 

Treafrnevl, — VVlieii once a tree is attacked by the fungus, there is 
no hope of saving it. If the tree is one of a group, it should be 
isolated by digging a ditch around it. The ditch should bo dug deep 
and wide enough to get beyond the point where the brown strands of 
the fungus have reached. This precaution will be necessary only 
with the pines and allied trees, as others are not usually attacked 
unless fb‘st injured. 

PoLYP<);iilTS VERSICOLOR. — There is good evidcii(*e that this fungus, 
which is a very common one, may produce root rot- in nmny trees. 
It is jjrobable, however, that such t rees have been previously weak- 
ened, thus giving the fungus nii opportunity to get in. When it 
0 (‘eurs on the side of a stumi) or root, it forms a thin, rigid, shell- 
shaped growth, extending out at. right angles to the surfa<^e. Usually 
many grow together, more or less united to each other at the back. 
The individual shells vary in size from one-half inch to 2 inches or 
more in diameter. The coneave surface is always down and is made 
up of a layer of very small jiores, in which the spoi*es are produced. 
This porous surface is usually of a whitish -yellow color. The upper 
surface is shining, smooth, and velvety, marked with various dull- 
coloi^ed zones. (Fig. 55.) 

The mycelium forms a white, felt-like (covering on the roots, pene- 
trating and causing the decay of the bark and wood. The first indi- 
cation of the di8(*ase is in the decreased production or stunted growth 
of the wood and a tendeiK*.y to overi)roduction of fruit. Examination 
of the roots of such trees reveals the white felted fungous strands, 
which continue to increase in abundance until the I’oots are nearly all 
rotted off. It is usually several years from lhe» time a tree is first 
attacked until its death. 

The mycelium spreads I roin tree to tree along de(?aying roots, so 
that in the (course of years the trees over large areas are destroyed. 
Healthy, vigorous trees, in good soil, are much less liable to succumb 
than thase growing under less favorable conditions. Trees planted 
in soil which has been recently cleared ai e most liable to attack^flrst, 
because the fungus is abundant in the decaying roots, and, second, 
for the reason that after a few years the nitrogen becomes greatly 
decreased, as explained clsewhon^. The trees which have up to this 
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tiaie been highly fed and growing vigorously are checked by il 
dedfeaae of soil food. If this is not at once remedied by fertilfeatio 



and cultivation of the soil, the fungus may gam a loolhold and tlie 
tree is doomed. 
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TreatnienL — In all canes the rapid changes in soil conditions which 
follow clearing should he guarded against by not i^lanting until these 
changes have taken idace and until t.lie roots ot‘ the original vegetation 
have rotted and proper soil coiuHlions havi's been est ablished. If inju- 
ries occur on the larger roots or ihe base of the ti'iink, the places should 
V>e cleaned and coated with X)itch or coal tar. burning the vStumps and 
roots of diseased trees wliere tlH\y stand is a-dvisablo if the condi- 
tions an^. favorable for the spread (»f the fungus. In early stages 
of the <lisease the tr(‘e may often be saved and enabhal to outgrow 
the trou])le by rcunoving the earth from the bas(' of tli(‘, trunk and 
larg<M* roots, (*learing tli(*m as thoroughly as possible of diseased tis- 
sue, and a])plying coal tar to the wounds. 


1>ISEASES OF THE TKUNK AND DH VNCmF.S. 

Red hot of oak {Polifporns sulplmreu.s ). — This disease is most 
(iominon in oak, b\it it is also found in tln^ elu^stnnt, ]>()j)lar, (cherry, 

and willow. Ilartigde- 
s(*ribes it as parasitic 
also in hxMist, alder, wal- 
imt, and pear. As a 
parasite^ it. gains en- 
trance to the borly of 
the tr(‘e through some 
wound. TIm' myeeliui]! 
tiuui spreads through 
the wood, (*a using it to 
dry, shrink, crack, and 
turn rod<lish brown. In 
the <M*aeksth(^ niy(*eliuin 
forms large sheets or 
felted jnass(\s, as in the 
(*as(Md* th(‘ r(Ml rotof the 
lirand iiim*. The inside 
of a t i*nnk may become 
fki 50. Fim^nis oauwiiij? nnirot of ..ak iM)mpl(d(‘ly rotten in a 

few years from this cause. Whenever aii,\ wound perndls the myee- 
lium of the fungus to coim^ to 11u» surfaei^, a large group of fruits arc 
produced. exlendingoiitfrom theln'elikebraektds. The undi'vsurfaee 
is made up of a]ayerorihin-wall(‘d porc^s, whitish at lirsl, then sulphur- 
yellow. Hie top is a whitish-yellow. The brackets are irregular in 
shape and si/.e and an' usually all grown togetlu'r in an inseparable 
mass, which is msually from t> to L’O inclu's or more across and from 2 
to 4 inches thick. (Fig. 

Treatment . — As tlie fungus can not gain entrance excu^pt through a 
wound, it may bo jcadily guarded against by propcu-ly (‘aring for 
wounds, as suggested in othei* parts of tJiis article. 

White rot of oak. — This disease' is prodiu'cd by PoJjfporus iijnvf- 
7'ius^ a common fungus, which sometinu's atta(*ks the oak, hickory, 
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willow, and other trees. I'lieiDyceliurnof the fimgus^rows through the 
wood, redueing it to a yellowish-white, spongy (?oii(litioii. Tlie Poly- 
porus itself develops on the surfa<*e of the bark or wood. It is at first 
spherical in sha])e, but later assumes th<‘ form of a hoof, witli the fiat 
side turiKHl down. 

"I'lie fungus seldom, if ever, attacks sound tissues, 
hence the jiroper care of wounds is all that is recjuinsl to i)r(*s(‘rvo 
trees from its attacks. 

Therci are nunuM'ous other fungi closely r(*la1(‘d to tliosi‘ ilescrilusl 
wliicli may pi'odiUM^ various kinds of rots in growing trees. Xearly 
all tliese gain <*ntran<*c tli rough <*uts and wouinls, hmice the nec(\s- 
sity of ])rox)erly caring for th<\se, especially during sum nun*, when 
parasitic (Uiemi(*s of all kiinls are acti\'<‘. 

MISCK-Ll. VNKOUS KCNCJOrS CAUASITES oK TUK STEMS \M) JUtANCmES. 

Tlie fungi d(\s(u*ib<Ml umhu- tln^- pre\ ions h(‘ads ha\(‘ for tln^ most 
])art proniimuit fruit lioians. Tluu-e is anot luu* grou]) much h‘ss con- 
spicuous, but which sound imes 
causes consi<lerabl(‘ i n j u ry. 

This group- -tln^ so-(*alhMl bla<*lv 
fungi ( Pyr(‘noniyc(d<‘s) — usuallv 
ajipear as dark-colored jiustuh^s 
on the bark of th(‘ stems and 
brancln*s. Th(‘ injuries in most 
cases are local, but in many in- 
stancesastem or braindi may he 
coinphdely girdled, and of (*ourse 
serious icsults will then follow. 

One of th(» (‘omnn^n memliei's of 
thegrou[)is chindhurind 

(fig. o7). It occ'urs on nearly all 
kinds of (hsdd nous t re(‘s, at ta<dv- 
ing dead andwouinhMl braindies 
and (X'casionally wouinhsl roots. 

The fungus (*an not kill t In^ 
living <*ambium and (*orte\, but grows rapidly through the wood, 
causing it to turn bla(*k and dic^, while tln‘ (‘ambium ainl <*ortc\ are 
still sound. Tin* wood in this <M)ndilion, however, is unable to con- 
duct water, so ihai tin* parts d(‘p<‘ndent on it dry up and die. 

Allot her sp(*ch*s, .Vec/r/o (////.s*.s'////o,\vit]i bright r(*d fruit ing warts, also 
attacksagn*a1 V arietyof de(*i<luousi)lants. Ttsj)ri*adsvTu*y slowly, how- 
ever (not mon* than I orlMn(*h(*sinayear). Theinv^aded tissue rots, but 
the surrounding healthy partsincrease in growth, sothat tln*])ait of the 
branch arouini tin* wound may become greatly distorted and swadlen, 
producing what is ordinarily known as a (tanker spot. N(‘(‘fn(L cucur- 
bitula causes a similar canker disease of c.onifei*s, espe(*ially the spruce. 

Various other (*, anker-producing fungi attack trees, but it is not, 
necessary to enter into dtdailed descriptions of them here. 
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Another class of fungi, belonging to the group of rusts, frequently 
cause considerable injury to trees, especially conifers. The Peri- 
derrniunis are probably the most destructive of these parasites, 
attacking stems, branches, and leaA'os, and (*ausing various knots, 
swellings, and blister-lik(i pat(ihes. 

Trmiment . — From the nature of the fungi just considered, it will be 
seen that about the only means of checkiugthem is to cut out and 
desti*03^ the discasc^d parts as soon as ]>ossible. In juaii}" cases the 
injuri(is to trunks and branches are of such a nature that- the diseased 
parts can be removed without troubI(‘. Tliis should b(^ done, and all 
wounds 1 hus made should he carefull}’ coA-erod Avith tar or grafting wax. 

FUNCemS DISKASKS <»F TllK nKAVEK. 

Ill (‘ommon Avilh oIIkm- plants, the leaves of shad(‘ and ornamental 
trees are subje<*t. to the atla(*hs of man,v forms of fungi. Some of 
these ])roduco local injuides, Avhih‘ ethers so affect, the heaves as to 
cause them to fall premat urelv. In all (*ases when' the leaves are 
affocted it Avill be secui that the mon' they arc injurc'd the juore serious 
the results to the tnn' as a whoh', for the leaves an' tlu' laboratories 
in Avhich tlie food is i)rei)an'd, and any <*heek or injuiy to them 
results in a che(‘k to the growth of the tn'e. Frobahl^v tlu^ most com- 
mon fungous parasit(‘s of Die fr)liage of trees are those producing 
various kinds of s])ot disc'ases. IVlafdes, (diestnuts, oaks, basswoods, 
sycamores, i)oplars, and various otlu'r tre(*s an' more or h'ss subject 
to th<^ maladies in qiK^stion. Thes<^ s[H)t.s an'. j)roduced by certain 
species of fungi, Avbieh attack IIk^ tissues, and by their acdioii first 
weaken and then destr<y them. I'he spots xnry in (*olor, size, and 
shape, and can usually" be distinguished fi‘om those brouglit. on by 
sun scald and sijiiilar ag(‘iK*ies onl.y hy mieroseopie studies. 

Of the other diseases of the foliage, t.lie powdery mildcAvs and rusts 
are l)n)l)abl3^ th<» most eoiiimoii. Tlu^ foriiu'r attax'k man}’ trees and 
shrubs, lU'odueing a Avhitish, s|)i<ler-vveb-lik(' growth on the surface. 
A common (^xain])l<'. of this group of fungi is found iji the mildew 
which (x^curs in late suiiiiner on the lilac. JVIai)h^ heaves are also fre- 
quentl.y attack<'.(l, and the same is true of the chestnut, Avillow, and 
other trees. The rusts iwx limited to a comparative!}^ few groups of 
trees, among which may be mentioned the pines, jmplars, and willows. 

Treahnenf. — There is (*om])arativoly little that can be done toward 
checking these diseases. Spraying in many eases is not XJracticable 
on account of the size of the trees, and evcui if it were, it is questionable 
whether the injury resulting from the j)arasites is sufficient, except 
in some feAv cases, to pay for the trouble iin^olved. As many of the 
fungi pass the winter either in oi* on tlie old leaves, burning these in 
the autumn may help materially in keeping the parasites in check. 
Careful attention to the needs of the trees in the matter of food and 
water Avill also go far toward freeing them from the attacks of such 
enemies as have been descj’ibed. 
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A(jHcMlture. 

thp: nature of disinfection. 

As tho of man is so lar^yfoly dependont on llio healili of ani- 

mals, and llio s[)read of nearly all diseases among men and animals is 
susceptible of control if pro])er methods of combatting th<^. <*ontagion 
are followed, it is a matter <»f eonsiderabl<‘ importance to omlerstand 
where the dangers of infection lie ami what are the best methods of 
destroying their causes TJiis pro(*(vss we call disinfe(*tion. 

Tho primary (‘ause of all diseases being re(H)gnizcd to bo a bacte- 
rium, or soinetim(\s a parasite, the source of infect ion may be removed 
by destroying the pai*asites or g(*rms. Bacteria, in multiplying either 
inside or outside the animal body, often form (‘ompounds, frecjuently 
gases, that are exc(HHlingly disagre<*able, so that tiu'se dangerous ene- 
mies ar(‘. oft(n easily r(H‘ogiiized. Different substaiUH^s may be used 
to counteract th(\se disagreeable odors, and it- is sonudimes thought 
that by destroying the noxious odors all danger has beem removed. 
This, how(‘ver, is not the case, as many substanci^s will act. as deodori- 
zers which are not. g(‘rm destroyers. Again, we have other substances 
which will retard tlie action of germs and prevent their multiplica- 
tion, but will not kill them, while a true disinfectant destroj^s the 
germs, counteracts and destroys the disagreeable odors resulting from 
decomposition, and hem*(^ prevemts danger of further spread of disease. 
It is to this latt.<u* class of substan(*es, esiieidally modern disinfexdants, 
that attention will bo called in this article, and the comparative merits 
of some of them, as developed by their use, will be pointed out. 

THE MERITS OF SOME DISINFECTANTS. 

STEAM AND BOILINO WATER. 

The best disinfectants, wheie they can be aiiplied, are steam and 
boiling water. There are some [iracticial objections to them, however, 
on acicount of tho difliculty of always obtaining them in a (Convenient 
place, and the injury to the walls of a room, articles of furniture, 
bedding, clothing, etc., resulting from their use. Hemu^, disinfect- 
ants which are more conveniently applied and do not. injure materials 
with which they are brought into contact are preferable. 
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CARBOLIC ACID. 

Though many new disinfectants have been recommended in its 
place, carbolic acid, so Jong Jtnowji, has retained its position as one 
of the best disinfectants in surgical work, as well as for general pur- 
poses, when there are no practical objections to its use. In solutions 
varying from one-half of 1 per cent t.o 5 j^er cent in strength, it is a 
valuable destroyer of all disease germs. For disinfecting stables, 
barns, outhouses, beces, expectorations, etc., a 5 per cent solution 
should be used. Its odor and poisonous proi)erties are sometimes 
objectionable. Kiippe and Laplace found tJiat crude carbolic acid 
when treated with sulphuric acid gave a product tlie disinfectant 
properties of which were increased willi an mlmixture of cold Avater, 
but diminished in warm water. If this mixture is to be used, it should 
be prepared by stirring the sulphuric acid slowly into the carbolic 
acid with a wooden paddle in a Avooden or iron receptacle. Frankel 
found that Avhen crude caibolic acid Avas distilled it yielded a product 
lioiling betAA^een 185^ and 205^, wliich in a 5 i)er cent solution killed 
anthrax siiores (among the most <liili(nilt to destroy) in twenty-four 
hours. 'J'reated with sulphuric acid, the cold solutions again showed 
stronger disinfecting properties than the AA^arm, Avhich Avas supposed to 
be due to the fact that the sulpho-acids formed had Aveaker properties 
as disinfectants. 

SUBSTITUTES FOH CAKBOTJC ACID. 

Subsecpieritl}^, others su(*ceede<l in dissolving <u-esols, crude car- 
bolic acid, etc., in various soap solutions AAdii(*h could be substituted 
for the more expensive i)uro carbolic. a(*id. A number of such prod- 
ucts as creolin, lysol, cresoliii, c.r(‘sin, etc., were olfered as substitutes 
for carbolic acid, all being solutions in resin soap of the crosols and 
similar hydrocarbons. These x>r(‘parations behaA-ed differently when 
dissolved in Avater. Some gaA^e clear solutions, others milky solutions, 
due to a jnirtial decomposition of the com])ounds. An effort was then 
made to disco A^er a substance AAiiich would dissolve these materials 
more readily and always give a (*l(‘ar solution. It Avas found that sali- 
cylate of sodium or some of its deriA^atiAXs forimMl suitable menstrua, 
and the name so1v(m)1 Avas given to a number of such x)reparation8. 

Many articles have beeii Avritten upon the action of these materials 
of various origin, showing that all had about the same value. A pure 
preparation of the (uosols, a mixture of ortho, meta, and para cresol, 
was also put ou the market under the name tricresol. It was found 
that this tricresol was about as soluble in watei* as carbolic acid, had 
three times its effiinoncy, and only one-third its poisonous properties. 

One of the preparations mentioned above, viz, creolin, is composed 
very largely of hydrocaibons, AA^hich are with difficulty soluble; it 
yields on the addition of Avater an emulsion. Sirena and Misuraca 
treated tuberculous material, such as sputum, with a 3 per cent to 5 
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per cent solution of this substance one to two days and could notice 
no destruction of the germs. Tried upon anthrax bacilli and spores, 
its antiseptic properties were not marked. 

A great many results where lysol has been used have been reported. 
Gerlach, who studied the subject thoroughly, concluded that lysol is 
more active than carbolic acid and creolin, and that disinfection of 
the hands is possible with a 1 per cent lysol solution ; it is said to bo 
more serviceable than any other agent in disinfecting si^uta and faeces. 
A 3 per cent solution, used as a spray upon the walls, will make them 
germ free, and as compared with carbolic acid, sublimate, and creolin 
it is much less poisonous. 

Of the many other disinfectants (a large number of which are 
derivatives of those already referred to), the majority, as aseptol, 
europhen, and the like, are more especially intended for medical and 
surgical use, and are either too expensive or for some other reason, 
such as dififiiculty of solubility, not adapted to household use or for 
purposes of general disinfection. 

FORMALDEHYDE. 

For many reasons, the best ix^sults in disinfecting rooms or build- 
ings can bo secured by means of a gaseous disinfectant which will 
readily penetrate to all parts of a building and imi)regnato articles, 
such as upholstery, bedding, and the like, without injuring them. 
Sulphur dioxide was for a long time the least injurious gaseous disin- 
fectant known, but within a few years formaldehyde gas, or its 
solution in Avatcr, has begun to replace the other gaseous disinfect- 
ants. Though irritating to the mucous membrane, it is not nearly 
so disagreeable as sulphur dioxide; it is not as poisonous, nor is it 
injurious to metals, wood, or fabrics. 

In order that a disinfectant shall be thoroughly satisfactory, certain 
conditions must be fulfilled. In the first place, it should destroy 
surely and quickly the most resistant forms and spores of injurious 
bacteria. It must be a substance that can be easily used, and be 
nontoxic and nondestructive to minei’al or vegetable matters in the 
concentration necessary to insure complete disinfection. Further, 
it should bo a substance which can be ai)plied in a gaseous condi- 
tion, to secure thorough contact and xionetratioii of the objects to be 
disinfected. Again, it must bo a substance which is stable in char- 
acter, not easily decomposed, cheai), if jmssiblo possessing an odor 
which dissipates quickly, and a good deodorizer. To a certain degree 
formaldehyde possesses all these properties, and its practical use has 
been the subject of a number of investigations. Oommercially, we 
find formaldehyde in the market as a 40 per cent solution of the gas in 
water or wood alcohol under the trade names of formalin and formoL 
The formaldehyde gas and its solutions can be prepared with great 
12 a06 17 
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ease by the partial oxidation of wood alcohol. As early as 1888 the 
strong antiseptic properties of formaldehyde were recognized by Low, 
and ill 1892 Trillat published the statement that a bouillon contain- 
ing 1: 50,000 of formaldehyde was not suitable for the gro'wth of tho 
anthrax germ. Aronson, after making similar experiments, tried the 
poisonous xiroperties of the gas upon guinea pigs, and found that they 
could live for an hour in an atm(»sphero rich in formaldehyde gas. 
During this experiment the animals were very restless, but recovered 
very quickly in normal air. Zuiitz had already shown that the poi- 
sonous dose for rabbits after a subcutaneous injection was about 0.24 
gram i)er kilo. 

In 1893 formaldehyde was recommended for the disinfection of 
brushes and combs, as well as for use to destroy the germs of dii)h- 
theria, tuberculosis, cholera, and the like on such materials as would 
be injured by other disinfectants. 

Another authority assorted in 1893 that after one lioiir in solution 
of 1:10,000 and after fifteen minutes in 1:750 anthrax and tetanus 
germs were dcstroj’^ed. The results further showed that in tho air 2.5 
per cent by volume of formalin, or 1 per cent by volume of formalde- 
hyde gas, was sufTicient to destroy fresh virulent cultures of typhoid, 
cholera, anthrax, etc., in fifteen minutes. Other exiiorimcnts have 
shown that bandages and iodoform gauze can be kept well sterilized 
by placing in the jars containing them some formaliths, a solid prep- 
aration containing formaldehyde, and it w^as also possible for Stahl 
to make carpets and cloth materials germ free by spi'aying them with 
0.5 to 2 per cent formalin solution for fifteen to thirty minutes w’ith- 
oui the color of the carpet being in any w ay affected. Tlie res^oarches 
of Pottevin in 1894 confirmed those of Aronson and Trillat that a 
concentration of 1 : 20,000 was safely a retardent of buffunent slrengtii. 

Ill 1894 tho deodorizing jiroperty of formaldehyde w^as e-\plainod to 
consist in a direct chemical combination of foruialdelij^do and sul- 
phureted hydrogen, or wdth aiumonium compounds .and their deriva- 
tives present in faeces, decomposing animal matter, and the like. W ith 
scalol, one of the odorous constituents of the fteces, formaldehyde 
combines upon the addition of acid to an odorless coinx)Oiind. 

As Walters has shown, so far as the action of forinaldehydo in 
gaseous form is concerned; that is dex>endent ux)on the concentration 
of tho gas, the temperature, and w^hether the articles to be disinfected 
are moist or dry. Tho killing of the germs ai^pcars to bo better 
accomplished when the objects are xcry slightly moist (not Avet), and 
the temperature is 05'^. This is a xiroperty w hich has long been w’cll 
knowm as belonging to sulphur dioxide, chlorine, and bromine. 

Of the practical methods of applying formaldehyde, those in which 
the gas is allowed to work in statu nascendi have given tho best 
results. Several forms of lamps have been devised in which the for- 
maldeh^^do is obtained by the imperfect combustion of methyl alcohol. 



SOME MODERN DISINFECTANTS. 


259 


These have the advantage that the lamp can bo filled and placed in 
the room or other closed place wliich it is desired to disinfi'ct. They 
have the disadvaiitiige, however, that some of the alcohol siiflors 
complete eoinbnstion, that a certain amount of carl)on monoxide and 
dioxide are also obtained, and that a little alcohol is lost and conse- 
quently a larger amount of alcohol is used than should be necessary. 
Practical cxx)eriincnls made ])y Miguel, Bardot, Trillat, and others in 
disinfecting rooms by nieann of these lamps have given very satisfac- 
tory results. Tlio j^rincix>le of the lamx^ is to allow the flame to burn 
over a wire mantle of xflatinum or a jdatiiiized aslx'sius Avich. 

Two simple lanix:)s for this x^nri)ose may be described hero, the one 
designed by Prof(3SSor liobinson, of Bowdoin College, the other by the 
writer. Tlie latter can bo readily understood from 
the accoraininying illustration (tig. 58), the point 
being the use of a wick inAvholo or in x^art of plat- 
inized asbestus. The lamp is tilled with alcohol, 
and the wick turned np slightly and lighted in the 
ordinary way. After a minute the asbestus portion 
of the Avick becomes heated to such a temperature 
that the platinum distributed over the surface will 
continue to gloAV and couA'crt alcohol into aldehyde 
as long as the lamp remains filled. Professor Rob- 
inson’s lamp is described by himsedf as folloAvs: 

I taho a disk of moderate!}' thiol: asbostna hoard and liave 
it perforated Avith small lioh^ i close together. This is then 
Xdatinized in the usual v;ar, using quile a strong f>olution 
of idatinic cliIorid<3. If now a shallow dish, cyliiidrically 
formed and of such size that the perforated asbestus disk 
will ;just cover its top, ho i)artly filled with methyl alcohol, 
it serves as the lamp font. If the idatiuized disk ho Avet 
with alcohol, seized in a pair of forceps or small tongs, ro- 
movv^d from the dish, and tln^ alcohol lighte<h it Vv’ill, X>y the 
time its alcohol burns UAvay, be heated suflioiently so that a uv. > o 
when placed over tho lamp font again it will continue hot and (‘hange the alco- 
hol to aldehyde. Experience shoAvs that Avith i)roper depth of dish and suitable 
holes for admission of air, the disk keeps of a proi>er redness to bring about the 
change most ofliciently. Tho gas may also be a-i^plied by AA'arining its solutions and 
bel ter exhausting the air in a closed a'CsscI containing formalin. If this solutii )n is 
heated, soino of tho formaldehyde is iiolymorized and con Averted into an jne.ctivo 
form. 

Tlic use of formaldehyde for Iho inirxmsc of destroying the spores 
of smut by the action of 1:10,000 formalin solution has been rc(‘om- 
mended. In all oxiAcriments in using this inatorial, attention must 
be paid to the f act AAdiethor reference is made to tho formalin solution 
or to formaldehyde gas. It is probable that Avith a conA^eiiieut luefbod 
of generating the gas this might be used to advantage in destroying 
insects injurious to vegetation. 

Walter has carried out a series of exx^eriments with formalin and 
also with the gas Avhich can be obtained from it. llis oxiierimcnts 
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were made -first by preparing different kinds of culture media to which 
formalin had been added in different proportions. The results of these 
tests upon anthrax spores, cholera, typhus, and diphtheria germs 
showed that the proportion of 1:10,000 or 1:20,000 of formalin, or 
1 : 25,000 of formaldehyde gas, is sufficient to check the growth of the 
germs. When the gas is used, the Stxjpliylococciis pyogenes aureus 
seems to be the most resistant, while, strange as it may appear, the 
spores of anthrax, so difficult to kill by most germicides, are very 
easily destroyed by formalin. This is one of the principles laid down 
by Koch that some substances would bo found whi(di were destructive 
to imthogenic bacteria, but were less injurious to ordinary germs. 

In order to prove the value of formalin on a large scale for the dis- 
infection of clothing, Walter used a soldier’s blue mixed with red 
color, which ho immersed in a culture of tlie pure germ, so that tho 
cloth was thoroughly saturated. Strips were then cut off, placed under 
a bell jar, and sprayed with formalin solution varying in strength 
from 3 per cent to 10 per cent. The strips wcj'c left in the bell jar six 
hours. After that time tests were made by <;ult,uros from these strips, 
check strips being used at tho same time. 'J’hero was no change pro- 
duced in the color of the cloth, and the rod was, if anything, a little 
brighter. Tho germs which had penetrated deeply into the cloth wore 
all killed, just as were those upon tho surface. This can be explained 
probably by tho fact that the articles being surroiind<'d with the jar 
tho gas was forced deeply into tho interstices of the cloth and killed 
those germs which could not bo reached by the solution. The 3 per 
cent solution gave just as satisfactory results as the stronger solutions. 

Tho preliminary experiments that Waller made with the gas to 
prove the availability of formaldehyde for tho disinfection of clothing, 
etc., without injury to tho latter were satisfactory cxcox)t with refer- 
ence to the length of time reexuired. This, Iiowever, was due to tho 
practical details of the method, as the source of tho forinaldchydo was 
either tho i)owder placed under a bell jar or a lamp used in a room 
which was poorly adapted to tho i)uri^osc, there being too many open- 
ings for the escape of the gas. 

SUMMARY. 

The results of all investigations have led to the following conclu- 
sions: 

1. Formalin in concentration, 1: 10,000, makes tho growth of tuber- 
culosiG, anthrax, cholera, typhus, pus, and diphtheria germs impossible. 

2. In gaseous form a weak dilution is sufficient to check growth. 

3. A 1 per cent solution will kill pathogenic organisms in an hour. 

A. With a 3 per cent solution and the final addition of alcohol it is 

possible to make the hands germ free. Whether tho skin of the hands 
is attacked by this method remains to be proved. 
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5. Spraying with formalin solution and subsequent inclosure of the 
articles in a closed space will easily sterilize them. 

6. Uniforms, etc., can bo disinfected on a large scale without 
injury, twenty-four hours being required. 

7. Faeces are deodorized by a 1 per cent solution, and arc in thirteen 
minutes germ free ; and buildings can bo readily disinfected by a 
1 per cent to 1.5 per cent volume of the gas. 

8. Formaldehyde is a useful etching material and preservative. 

As compared with other disinfectants, such as corrosive sublimate, 

carbolic acid, Ij’sol, etc., forraaldehydo and its solutions have the 
advantage of not being retarded in their action by albuminoid mat- 
ter and of not injuring the articles to wliich they are applied. Their 
use therefore seems to be well recommended and to fill many require- 
ments wliich arc not now f ally met by other disinfectants. Especially 
is this the case in disinfecting rooms, clothing, bedding, railroad 
cars, etc. 

Eximrimeiits made by Roux, Trillat, and others ui)on the use of 
fonnaldehydo vapor for disinfecting rooms have been very satis- 
factory, in that the b«acilli of anthrax, luborculosis, and diphtheria 
have been killed within five hours by a saturated at mosphero of formal- 
dehyde gas. After two days of thorough ventilalion no odor remained 
in the room, nor were the objects which had been exposed to the 
action of the gas in any way injured. An objection to the use of 
forinaldoliyde has been raised because it adheres somewhat tena- 
ciously to clothing and uxdiolstercd materials and the odor dissipates 
slowly. This, however, can bo reinoA’od by thorough ventilation or 
by the use of a dilute solution of ammonia, vrliieh readil}' absorbs the 
gas. Placed in a room wher<5 formaldehyde has been used as a disin- 
fectant, this would aid in a more rapid dissipation of the odor and 
not injure the materials. It would seeju that in formaldehyde we 
have at hand the most useful disinfectant yet kno^™, the application 
of which is a mere detail to bo easily worked out in x^ractioe. 

It also ai^pcars to be useful as a means of i)reserving food, milk, etc. 
Its effect ux)on the digestive ferments has not been tliorouglily studied, 
but llio quantity used for i)rcserving milk, 1 x)art to 10,000, should be 
too small to give rise to any bad result, and none lias been noted in 
l^ractical use. Its influence in this connection should bo carefully 
studied before it is generally recommended. 

While testing the action of this gas upon the cattle tick recently, 
its action iii>on the respiratory organs of cattle was noted. A calf 
was kept for fiA^e hours in an atmosphere containing about 2 i)er cent 
of foinnaldehyde gas. During this time there was a slight watering 
from the eyes and it coughed occasionally, but it did not seem to be in 
any special distress, and as soon as it was brought into the fresh air 
again it Avas all right and showed no bad after effects. This fact may 
prove of importance in disinfecting stables and the like. 
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Another direction in Trliieh formnldehyde promises to be of practical 
importance is in the disinfection of imported hides, which may carry 
contagion, especially anthrax. The rapid action and penetrating 
power of this gas bids fair to overcome the practical difficulties hith- 
erto attending tho use of disinfectants for this purpose. 

In regard to tlio use of fonnaldohydo, it is of importance to know 
the percentage of gas ^\ hich will be necessary to disinfect a room of 
given size and what pei’ccntage should bo used in any given disease. 
If the alcohol used is entirely converted into aldehyde by tho lamps, 
as indicated, 1 liter of pure wood alcohol will give 74.8 grams of alde- 
hyde =301 liters of this gas. Tho capacity of a room of 1,000 cubic 
feet is 28,084 liters, so the above quantity of alcohol would give 1.20 
per cent aldehyde in a room of this size. 

Experiments have shown that very much less than 1 per cent by 
volume of this is destructive to injurious bacteria, but an atmosphere 
containing 1 to 1.5 per cent by volume will give satisfactory results in 
six to thirteen hotii’S in all cases. "When the volume of the gas is 
increased, the length of time necessary for the disinfection is con- 
siderably decreased. 

Of the mineral salts recommended as di.sinfectanls in the solid form, 
many are deodorizers and not true di.sinfectants. Others, like cor- 
rosive sublimate, are too i)oisonous, or can not be used with good 
effect in presence of albuminoid matter. One should always remember 
tho difference between destroying tho cause of infection, the only 
safeguard, and simply removing disagreeable odors. 

Boiling water and steam are excellent disinfectants when they can 
be applied, but best of all for genei-al disinfection are f(.)rmaldehydo 
gas and its solutions. 

It should be noted that a 40 per cent solution of formaldehyde gas 
can bo purchased for one-fourth the price paid for formalin, which is 
exactly tho same thing. 



MIGRATION OF WEEDS. 


By Lyster H. Dewey, 

Assistant in Division of Botany^ V, S, Dejxiriment of Agriculture, 
r/ENEilAI. REMARKS. 

A largo piT)portion of the plants growing along roadsides, on waste 
ground, and in plowed fields in the older cultivated i)iirts of this 
country are migratory weeds. They were not native where they are 
now found, but have apx>eared since the introduction of cultivation. 
They have come from other countries, or from other idaces in this 


country, and their offspring, in 
turn, is likely to bo disseminated 
still further. A migratory weed is a 
plant which is continually spread- 
ing to new areas, and which there 
increases to such an extent as to 
be injurious. 

The methods of weed migration 
fall into two classes, the natural, 
in which the dissemination is un- 
aided by man, and the artilicial, 
including the many ways in which 
the distribution is somehow fur- 
thered by human agency, 

WEED MIGRATION BY NATURAli 
MEANS. 

Natural melhods are all those 
in which the dispersion is accom- 
plislied through the powers of the 
plant itself cooperating with its 
environment exclusive of human 
agency. Natural methods in turn 
subdivide into tv/o class<*s according 
by some external locomotive agent, 



Fir.. ,^9.— Orango liawk'.vcHHl: a, I’unnon^; /», 
nkeii*', or “tjood "--uataral bize and enhirirc d. 


as tlio dispersiou is uol oris aided 
as wind or water. 


KCXNEES. 

Among tlio methods of tlio first class is spreading by runners, that 
is, by slender radiating brandies, producing jilantleis at the nodes, 
which take root iu the ground. Cinquefoil {PoicntiUa canadensis) is 
atypical example of this dass, with runners extending 10 to 30 inches 
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from the parent plant. Bermuda grass {Capriola dactylon)^ north of 
the Gulf States, spreads almost exclusively by runners, as it rarely 
produces seeds in cooler latitudes. Its runners often grow 8 or 10 feet 
in a single season, enabling it quickly to cover with a beautiful green 
either the front laAra or the vegetable garden. Orange hawkweed 
(Hieracium aurantiacum) (fig, 59) produces numerous runners 6 to 15 
inches long. Though comparatively short, they enable the plant to 
multiply and form dense i^atches to the exclusion of other vegetation. 

ROOTSTOCKS. 

A common independent method of spreading is by underground 

stems, called rootstocks, or rhi- 
zomes. These run along below the 
reach of the mowing machine or of 
grazing animals, and often too deep 
to be disturbed by surface cultiva- 
tion. They produce buds at their 
numerous scaly nodes, and these 
buds develop into new plants in ex- 
actly the same manner as branches 
are produced above ground. St. 
John’s wort, sorrcd, ramsted, per- 
ennial ragweed, and (‘agio fern all 
have rootstocks from 10 to 50 inches 
long, (uiablingthem to spread short 
distances. Among tlio most nota- 
ble examples of rootstocks are those 
of couch grass {A(jropyTO)i repens) 
(fig. GO) and Johnson grass {Sor- 
ghum haleprnse), ^yhich often grow 
to a huigth of 10 to 15 feet in one 
season, furnishing these grasses 
with a means of rapid distribution 
and propagation, a character mak- 
ing them at once most valuable 
in the i)aslurc and meadow and most pernicious in cultivated fields. 

RUXNINO ROOTS. 

Some of the weeds which are most difiioiilt to eradicate are i)rop- 
agated from running roots. Such are Canada thistle {Carduus 
arvensis) (fig. Cl), horse nettle {Solanum carolinense), milkweed 
{Asclepias syriaca), and showy spurge {Exiplioi'hia corollaia). These 
roots often branch and form a complete network extending horizon- 
tally at a depth of 6 to 30 inches below the surface of the ground. 
They have no nodes, scales, or apparent buds. The absence of these 
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organs distinguishes them from rootstocks, or rhizomes. They are 
capable of producing shoots at almost any point. Prof. A. N. Prentiss, 
of Cornell University, demonstrated by experiment that a Canada 
thistle root cut into pieces one-fourth of an inch long can produce 
shoots from nearly every inece. Pulling up plants v hi<'h spring from 
running roofs rarely injures the root system. The jdant i)ulled up 
usually breaks off at the ix)int where it is attached to the horizontal 
root, leaving the latter undisturbed. The horizontal root system is 
often below the reach of the plow, and while the farmer is industri- 
ously mowing, pulling, and cultiA^ating to d(‘Stro 3 " flic plants which 
appear above ground the root system remains uninjured except for 
the loss of nourishment, and con- 
tinues to send ui> new shoots which 
will grow as soon as the cultiva- 
tion is relaxed. In fact, the only 
practicable methods of killing 
roots of this class arc to starve or 
exhaust them by preventing the 
growth of any shoots above ground 
during several successive years 
and to i)oison them with kerosenes 
brine, or acids, or other chemicals. 

SEED-TIIROWIX'O APPARATrS. 

One of the most interesting yet 
least known niothods by which 
I^lants travel short distances is by 
throwing their seeds. Wlnui the 
pods of the common tare {Vida 
safiva) (fig. G2, a) are nuituro, they 
dry in su(‘h a manner as to produce 
a strong oblique tension on the two 
valves or sides of the pod. The 
valves finally split apart and curl 
spirally with such a sudden move- 
ment as to throw the “iieas” sev- 
eral foot. In many of the species of spurge {Eupliorhia) the seeds 
are tightly pressed by the sides of the ripening capsule, and they are 
finally expelled with considerable force in much the same manner as 
a lemon seed is thrown by pressing it between the thumb and finger. 
The seeds of wood sorrel {Oxalis striata) are packed in rows in the 
small, erect, green pods (fig. 02, h). Each seed is surrounded by a 
very elastic transparent covering, and as it ripens and forces its way 
out through the opening at the side of the pod this covering splits 
down one side and turns inside out with a force that is often sufficient 
to throw the seed several feet (fig. 02, cZ, c). The small-flowered 
geranium {Qeranium pusillum) has each one of its five seeds fastened 



Pig. Cl.- Canada th'btlo- running: root; 5, 
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tached. 
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to a separate section of the flower style. Wlien the seed ripens, these 
sections of the stylo become dry and develop into strong springs, 
which break away at the bottom and by curving upward throw the 
seeds (fig. C2, /, g). 

While by this class of niotliods plants are able to travel only com- 
paratively short distances, they are, on the other liand, enabled 
completely to cover infested areas, and wlieii once established are 
not easily removed. 

In the second class of natural methods of dissemination the iilant 
avails itself in some way of natural locomotive agencies external to 
itself. Tliere are tlireo such agencies which aid ver}^ much in the 
migration of weeds. These are wind, water, and animals, the most 
important being the wind. 

FLYING SEEDS. 

Many weed seeds have special adaptations, enabling them to be 
carried through the air by the wind. Pandelion {Taraxacum tarax- 



Fio —Sccd-th rowing by plants: n, pu<l of comraon b, p.jtls of wood sorrel; r, transverse 
fiociion of pod enlarged; d, enter foed-ooat turn (‘d iii'^ido t)ut; o, Feed thrown from the outer 
coat; /, mature fruit of small-flowered geranium; j;,3aino enlarged, 

acum) (fig. o;j, o, h), prickly Icf.lucc {Lactnnd acnriola), Canfwla thistle 
{Cai’duus ai'irnsis) (fig. Cl, h, c), horse ■wood (Eriyrron canadensis), 
and many other seeds, or akenes, of Iho comiiosile family have a feath- 
ery down, or pappus. The seeds of milkweed {AscJc2)ias) (fig. C3, c), 
dogbane {Apocynum), aud willow hei’b (Epilulnuni) are each jirovided 
with a tuft of hairs or coma, renny cross {Tlilaspi arvense) (fig. C3, d) 
has a winged pod inclosing the seed.s, and drop-seed dock {Rumex 
haskttulus) a winged calyx. Ih’oora sedge {Andropoyon virginiciis) 
(fig. C3, e, f, g) has hairs upon the flower stems and upon the glumes 
surrounding the seeds. These examples illustrate the principal adap- 
tations by which the seeds of weeds in this country are borne upon 
the wind. The winged seeds of the rock cross, the keyed fniits of the 
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maple and elm, and the downy fruits of the willows and poplars are 
exaini)les of special adaptations for distribution by the wind, but 
these plants are not classed among our troublesome weeds. 

The distance which this class of seeds may be candied by the wind 
may easily be exaggerated, being ordinarily not more than 2 or 3 
miles, or in hurricanes perhaps 10 or 15. There are no well authen- 
ticated accounts of seeds traveling long distiinces in this manner. 
Tlio seeds of dandelion, Canada thistle, and milkweed are all very 
easily detached from their downy parachutes, and when the latter are 
seen floating about on light breezes one may be reasonably certain 
that their seeds are already gone. 

The proi>ortion of oiir reall}^ troublesome weeds of which the seeds 
have adaptations for flight is small, being less than 10 i)er cent. Of 
the weeds which have spread with remarkable rapidity during the 
past ton years, only the i:)rickly lettuce and the orange hawkweed dif- 
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stalk Ijroketi; c, milkwcod seed with coma; cf, winged p<>d of penny cross; e, panicle of brcx>ui 
Bcdg<i, /, spikclot'i detiUihed; y, spikelet enlarged. 

fuse their seeds in this way. It is further true that few of the annual 
si)oeics of this class, which have no means of iirox^agation but their 
seed, lake exclusive i^ossession of the ground, as do the annual rag- 
weeds, dog fennel, and marsh elder, the seeds of which fall near the 
parent plant. On the other hand, none of the pai)x>us-bearing weeds 
are more thoroughly distributed over largo areas than are button- 
weed, pigeon grass, crab grass, and other weeds, which ai)i)ear to have 
no special means of distribution. 

DKIFTIXG OVEK FROZKN QEOUXl) Oil SNOW. 

A partial explanation of the distribution of many of our most com- 
mon weeds lies in the fact that their seeds are blown over the frozen 
ground or over the snow. Of this class are ragweed {Ambrosia avteviir 
^icefolia)^ giant ragweed {Ambrosia trifida)^ buttonweed {Diodia teres)^ 
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and barnyard grass {Panicum crus-galli). Their seeds are produced 
late in the season, and some of thorn are held with such tenacity that 
they are dislodged only by the strongest winds when the conditions 
are favorable for their being carried some distance, the ground being 
frozen or covered with snow. This method of seed dispersion accounts 
in part for the roadside distribution of ragweed, mayweed, and similar 
plants which grow between the wagon tracks and the grass along 
Northern highways. This weed border is loss clearly max'ked in the 
South, where there is less snow and less frozen ground to olfer a smooth 
pathway for the drifting seed. It also accounts in pai*t for the fact 
that weeds are distributed much more rapidly over fields left bare 
during the winter than over those wdiich are covered with some crop 
which will catch the rolling seeds. In experiments conducted by 
Prof. II. L. Bollcy, Agricultural College, Fargo, N. Dale., wheat grains 
drifted over snow on a level field 30 rods in one minute with a wind 



Fio. (>l - -Winged pigweed, a typical tuml>low»wd in form: a, small branch with leaves and 

flowers— natural size. 

blowing 25 miles an hour. Lighter or angular gi*ains were found to 
drift more raindly. Numerous seeds of barnyard grass, pigeon grass, 
penny cress, and ragweed were found in drifted snow taken from a 
frozen pond and from a plowed field, in each ease several rods distant 
from standing weeds. ^ 

TUMBLF.WEEDS. 

The distribution of weed seeds by the plants rolling as tumbleweeds 
has been particularly brought to notice during the past few years by 
the Russian thistle {Salsola kali tragus)^ which has furnished a nota- 
ble illustration of the effectiveness of this method. Tumbleweeds 
are most numerous and are best developed in the prairie region, where 
there is little to impede their progress and where there are strong 
winds to drive them onward. An ideal tumbleweed should be 10 
inches or more in diameter, spherical or circular so as to roll well, 


* Bulletin No. 17, Experiment Station, Fargo, N. Dak. 
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thickly branched so as to catch the wind, light, yet strong enongh to 
hold together, supplied with abundant seeds clinging to the plant 
with considerable tenacity so as to drop gradually as the jdant trav- 
els along, and fitted with some adaptation enabling it to break loos© 
from the ground. One of the best examples of tumbleweed is the 
winged pigweed {Cyclolorna afriplicifolia) (fig. 04). In addition to 
this the following are among the best developed tumbleweeds on the 
prairies 'west of the Mississippi River: Tumbleweed {Amaranthus 
albus)y low amsiYeinih{Avi(irant1ius hlitoides)^ {Corispermum 

hyssopifolium)y and buffalo bur {Solaiium rostrafum). These are all 
annual plants and all native, as 
are nearly all our tumbleweeds. 

Two notable exceptions are Rus- 
sian thistle and tumbling mustard 
{Sisymbrium aJfissimum), which 
have been introduced recently from 
Europe. But tumbleweeds also 
abound in the Eastern Slates, 
though hero they are smaller and 
less aggressive, and hence attract 
less attention. They can readily 
bo found by examining open 
ditches, gullies, or fence comers at 
any time from midsii miner to late 
in the winter. These will usually 
bo found filled with dried bushy 
weeds which have not grown there. 

Ih’ominent among these Aveeds 
early in the season is hair grass 
{Agroslis scahra) ; later we find old 
witch grass {Panicum capillurv) 

(fig. G5), and meadow comb grass 
{Eragrostis pectiuacea). Aft cr 
the ground is frozen in the fall the 
number of si)ecies which roll as tumblcAveeds increases and many 
coarser plants are included. 

The manner of breaking loose is a most important character in turn- 
bleweeds. Most of the tumbling grasses have largo spreading pani- 
cles which usually become detached by the stalk pulling out of the 
upper sheath; but in the case of Schedoiinardus iexemus tlio ball is 
formed of several plants with curved stems matted together. The 
coarser tumbleweeds are sot free in various "^A^ays. Some of those in 
sandy lands have a rather small root, which is pulled out by the force 
of the wind. Some are twisted and broken off by the Avind after the 
ground is frozen. Some are attacked by fungi at the base of the main 
stem, which weakens them so that they break off readily at maturity. 
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Others are eaten off by insects, and still others are so highly devel- 
oped in this respect that they form a kind of node and callus, and 
break off at niaturity in jjractically the same manner as a mature leaf 
breaks from a tree in the fall. 

Efforts have been made to chock the progress of tumbleweeds, or at 
least of the Russian thistle, by building fences. These efforts have 
been successful only in a verj- small degree, as the weeds pile uj) and 
are blown o^ or the lops of the fences, and also the detached seeds are 
blown through. It will doubtless bo found in practice quite as diffi- 
cult to check the progress of tumbleweeds as to check the dispersion 
of seeds b}^ aerial flight or ]>y di*ifting oA’er the snow or bare ground. 
In any (*ase^ the only safe and thoroughly effective method is to destroy 
the Aveeds before the seeds reacli maturity. 

SEEDS CARRIED DY AA'ATER. 

Water, next to wind, is the most imj^ortant natural agent in the dis- 
tribution of weed seeds. EA'cry dashing rain carries innumerable 
seeds in the muddy little hillside rivulets it creates. Some of these 
seeds are likely to be carried on through larger and larger streams 
until they reach a river. The chances of finding a lodgment suitable 
for germination and growtli are exeeedingl}’ sm.all for seeds of high- 
land weeds floating on riA^er currents, but that many of them do gor- 
minato and grow avo have abiiiidant evidence in the species A^hich 
appear along the rh^er banks after oA^cry freshet. Seeds doubtless 
make longer journeys in this maunc^r than by any other natural means 
cx(tcpt ocean currents and migrating birds. Most of llio seeds wliieh 
are carried long distances by 1 ho ocean currents are tliose of maritime 
plants A\ hicli are especially adapted for floating and for retaining their 
gcnniiiativo Autality in salt water. We haA’e no record of any noxious 
weeds migrating in this niaiiner. 

The distribution of AA ced seeds l)y Avater is of sx)e(*ial import ajice in 
regions Avlicro irrigation is in*actieed. The Russian tliisllo Avas intro- 
duc('d in 180:2 near the upper A\a1(u\s of llio Arkansas RiA'er in Fre- 
mont County, Colo. Tlic freshet in this rivor in the spring of 1894, 
together Avith the use of its AYatcr for iiTigation, scattered tlie Rus- 
sian thistle in a single season oA^cr many of the farms tliroughout the 
valley as far as the casteim line of the State. It has since traveled 
doAAUi the riA’^er and infested in-igated lands nearly one-third of the 
way across the State of Kansas. This plant lias also spread exten- 
sively ill irrigated lands along the Platte River in northern Colorado 
and along the Snake RiAxr in southern Idaho. We should doubtless 
find a similar record for the cocklebur, giant ragweed, high-water 
shrub, sunflower, and many other w^eeds if their histoiaes could be 
traced in irrigated lands. The banks of irrigating canals and ditches 
offer exceptional advantages for the groAvth of highland weeds, and too 
often these weeds are permitted to ripen seeds which are cairicd by 
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tho water to all the farms below. Seed dispersion by irrigating waiter 
could to a largo extent bo provented by destroying tbo weeds on tlie 
banks of the canals, and the question is simply whether this would 
not be cheaper than lighting tho weeds after they have spread over 
tho fields. Plants for binding the soil are needed on canal banks, but 
tho root systems of noxious weeds are rarely of much valuo for this 
puri)ose. Tho placo of tho weeds could bo well taken by suihbiiuUng 
grasses that Avould bo harmless in the fields. 

SKK1>S 1‘AiaaKl) liY ANIMAI.S. 

A third nalural moans of w'oed migration lies in the transjiorta- 
tion of seeds by animals. Tho running blackberry, i)okcw’eod, black 
nightshade, jicison ivy, and a few^ other w'cods have berries w hich are 
eaten by birds. Tho hai-d seeds of these berries pass undigested. 
Tho cow’bird, rod-winged blackbird, siiarrows, and other seed-eating 
birds feed largely upon the seeds of pigeon grass, knotgrass, dande- 
lion, thistles, and ragweed. When these seeds are abundant, tho 
birds sometimes eat more than they can digest, and thus they may 
carry undigested fu'eds to new localities. Migrating birds flying at 
tlio rate of 100 miles per hour may perhaps carry w eed seeds in con- 
dition for germination to a distance of several hundred miles, but it 
is generally supposed that they do not fly long distances with full 
crops. There are not sufludont data ujx)!! wdii(‘h to base a deflnito 
statement as to liow far weed seeds may bo carried in this manner, 
but it may bo safely asserted that the benefits duo to tho destruction 
of wx'od seeds by seed-oat.ing birds outw'cigh a thousandfold tho 
damage arising from their distribution of tho seeds. 

Tho smaller and liardcr seeds eat(*n by w'cll-fod cattle and horses 
usually undig(\sted, uiiksss tliey Impxmii to be crushed by tho 
teeth in chewing the food. In this manner, as these animals Avandor 
from field to fleld or are driven along the road, they doubtless l)C(‘omo 
to some extent resi)onsible for tlio distribution of nut grass and some 
of tlio mustards, dodders, cinquefoils, and ])lantains. Without arti- 
ficial aid in lransx>^>rtinghay and grain containing the ay caul seeds and 
in carrying tho manure from the bams to the fields this method of 
Avecd dispei'sion is of coiniairatiAxdy little consequence. Tho most 
important Avay in AAdiich animals, either Avild or domesticated, aid in 
the distribution of weeds is by bearing tho seeds on their coats. Tliis 
is made possible by tho hooks which are produced on tho seed vessels 
of a great variety of plants, making them togeliicr or singly into 
burs, stick-tights,” etc. These structures appear in a groat variety 
of foniis, of which tho folloA^ing are a foAV t 3 q)ical examples: The 
akenes of tho tall crowfoot {Ranunculus acris) and sevoriil other spe- 
cies of the genus Ranunculus are enabled to cling by means of their 
persistent hooked styles. The iiods of wild licorice {Olycyrrhiza Join- 
iota) (fig. 66, a, h) are covered with hooked sjiines. The wdld carrot 
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{Daucus carota) produces umbellate clusters of two-seeded fruits, 
each fruit armed with rows of small barbed hairs. In the composite 
flower of the Paraguay bur each separate scale of the inner involucre 
enlarges and becomes hard and spiny, carrying with it a seed, or 
akene. The involucral scales of Apache bur and creeping bur rag- 
weed {Gcerimria) and the cocklebiir {Xanthium) (fig. GO, c, d) unite, 
forming hard spiny burs. In the place of the downy pappus adapting 
the seeds, or akenes, of the thistle and dandelion for aerial flight, the 
akenes of bur marigold and beggar’s ticks {Bidens) (fig. G6, e,/) have 
two to four barbed awns, enabling them to adhere to tlie hair of ani- 
mals. The burs of the burdock {Arctium lappa) (fig. GG, </, h)y which 
are almost ideal for the purposes of seed distribution, are composed of 
a ripened head surrounded by involucral scales with attenuate hooked 



Fi cj . (5fi. - Burn and Roeds carried by animals: n, pod of wild licorice ; 6, transverse section of same; 
c, cocklebur, d, transverse section of same; c, akoue, or “s<H>d,” of bur marigold; /, same, side- 
A’icw; f/, burdock bur; 7 j, akene, or “seed,” of burdock; i, fruit of bound’s tongue with four 
2 iutlets; /k, nutlet, natural size; 7, nutlet, enlarged; bur of bur grass. 

tips. Each bur contains numerous seeds, which are distributed as the 
bur is carried along. Hound’s- tongue {Cynoglossum officinale) (fig. 66, 
7c, 1) and several other species of tlie borage family have one-seeded 
nutlets, the surface of each nutlet being covered with short hooked or 
barbed prickles admirably adapted to cling to the hair of passing ani- 
mals. The burs of bur grass {Cenclmis tribuloides) (fig. 66, m) are 
formed by a hard spiny involucre inclosing the ordinary grass spike- 
lets. The spines of these burs are rigid, minutely barbed , and exceed- 
ingly sharp, making them more injurious in wool than the burs of any 
other species found in North America. Bur grass is native in the 
Atlantic Coast region, but it has been introduced in nearly all parts of 
the United States where sheep raising is carried on extensively. The 
barbed stipes and awns of musky alfilerilla, porcupine grass, squirrel 
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tall^ toil red chess furaisli means by which the seeds of these plants 
att^h themselves to the coats of animals. 

Many species of cacti have detachable spiny fruits and some detach- 
able Joints armed with barbed or hooked spines. Cactus plants are 
not generally regarded as troublesome weeds and tho spiny jointg^are 
not technically burs, but they perform tho oflTice of burs in distrib- 
nling and propagating the plants, and they cause tho same kind 
’ of injury to wool and annoj^ance to animals that are caused bj" burs. 
The various methods now considered by which seeds are distributed 
without human aid are effective over moderate areas, but are inade- 
quate to explain tho long and rapid niigralioiis of ^veeds of which we 
have such notable examples in recent limes. Seeds are rarely 
carried long distances by any of these iiiothods, and wlicn restricted 
to them plants make (H)mi)aralively slow lu'ogicss. Buffalo bur 
{8olami7n rostratum), an admirable tumbleweed, native along the 
eastern base of the Rocky Slountains, Lad not crossed tho plains 
to the Mississippi Riven* until the emigrant trains began crossing in 
1849. Squirrel tail {Hordfum Jiihalum)^ native throughout most of 
the Rooky Mountain region from Montana to Mexico and along our 
Atlantic coast, first became a weed east of tlu' ]\rississii)pi River after 
its introduction with Western hay, although its brittle spikes with 
long barbed awms are w'oll adapted for distribution by both wind and 
animals. Tho common dooryard plantain {PJantago major), although 
native in British Amcri(‘a as well as in Knropo and Asia, was evi- 
dently rare in tho Uniteil States before tho cojuing of Europeans. 
The Indians called it ‘Svbile man’s foot"’ because it seemed to spring 
up wherever tho white man went. Our introduced w^eeds have rarely 
spread in advance of the sheet) herder or the lumberman. We are 
forced to the conclusion that tho plants which have become weeds of 
the farm have spread more through the agency of man than through 
all the natural agencies combined. Man tills tho soil, subdues tho 
native vegetation, and creates the <»onditions under wdiich plants 
become weeds, lie also introduces and distributes the seeds, unin- 
tentionally in most cases, but nevertheless effectively. 

WEEJ) MKiRATTON BY AKTIFTCTAI. MEANS. 

An analysis of tho various artificial means of weed migration can 
not fail to impress one with their comi>aralive importance, and it may 
lead to a recognition of w^ays in which artificial distribution can be 
checked. 

ROOTS AND SISKDS CARIUKD BY FARM MACHINERY. 

Roots^ rootstocks, and bulbs are sometimes carried from field to field 
and from farm to farm by plows, harrows, and cultivators. Some 
plants which are propagated chiefly by underground parts are dis- 
trilmted almost exclusively by these tools. The aerial bulblets or sets 
1* a96 18 
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of the wild garlic {AUium vineole) (flg. 67, a) often fall and take 
close to the parent plant. The secondary or underground bulk% if 
undisturbed, remain crowded together, sending up the little tufts of 
bluish-green shoots. These bulbs spread very slowly until they are 
scattered by the plow or harrow. The tubers of live-forever {Sedum 
iehphium) (fig. 67, b) persist year after year in the same place, sending 
up a slowly increasing clump of succulent stems, but rarely spreading 
until they are scattered about by the plow and cultiveator. In some 
places where the trumpet creeper {Tecoma radicnns) has become a 
very persistent and aggressive weed it does not i^roduce seeds, but is 
proj)agated exclusively by its long, tough roots, which are distributed 



ri<j. 67.— Boots and bulbs scat le rod by culti- 
vating tools: a, wild garlic; 6, livo-forover. 


by cultivating tools. The rootstocks 
of couch grass, bouncing bet, and St. 
John’s wort, and the roots of bind- 
weed, milkweed, and sometimes 
those of Canada thistle are scattered 
by cultivating tools. These roots 
and rootstocks are not often carried 
beyond the limits of the farm, how- 
ever. Seeds are frequently carried 
farther in farm machinery, osx>e- 
cially in self-binders and thrashing 
machines, wliich go from farm to 
farm without being cleaned. 

SEEDS AND BriiES (^ARKIRD IN NriiSEUY 
STOCK. 

Seeds, bulbs, and rootstocks of 
weeds are too often carried in nur- 
sery stock or among garden plants. 
Nut grass {Cyperus roiiindus) was 
introduced into Arkansas with 
strawberry plants from New Orleans 
and into southern California with 
orange trees from Florida. It is 
said to have been first introduced 


into tills country with garden plants brought from the West Indies. 
Wild onion {Allium vincale) has been introduced into many lawns, 
from Idiiladelphia to Atlanta, in sods used in making the lawns. It 
was introduced into northeastern Ohio among bulbs of grajie hyacinth 
brought from tlie Atlantic Coast. 


WEED S1:EI)>S CAlUtlED IN P VCKINU. 

Weed seeds are often transported in the packing of crockery, glass- 
ware, and castings. The (dioaper grades of imported crockery are 
usually packed in cheap hay or straw, in which the presence of seeds 
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may be talMi as a matter of course. Upon reacning America IMs 
crockery uemilly passes through the hands of the wholesaler and jobber 
• to the retailer without repacking, thus gaining a wide distribution. 
When it is finally unpacked, the hay or straw is often thrown out on a 
vacant lot or, still worse, is used for stable bedding and then hauled out 
to the fields with the manure. The woolly mullein ( Verbascura 2)Mo^ 
moides)^ native in Franco, is supposed to have been introduced at 
Dickeys Mills, Ky., in crockery packing. Two species of long-awned 
chess {Bromus tectorum and B. sterilis)^ both European grasses, were 
first found at Denver, Colo., in the vicinity of a crockery store. 

Seeds are sometimes carried long distances in wool. An evidence 
is found in the strange plants, chiefly bur bearing, that spring up 
about woolen mills and in fields where wool waste from these mills 
has been used «as a fertilizer. 

WEED SEEDS C ARRIED IX UAY. 

The transportation of liay offers a most ready and dangerous mc^ans 
for the dissemination of weed seeds. It is dangerous because it is one 
of the most difficult art ificial means to control. Hay can not be readily 
inspected to detect the presence of weed seeds, and even if they are 
known to be present their removal is impraeticablo. An old tradi- 
tion states that the Canada thistle was first introduced into eastern 
Now York in hay brought from Canada to feed the horses of General 
Biirgoyne’s army. One of the most southern localities in which the 
Canada thistle has persisted as a weed is Remington, Va., formerly 
Rapi)ahannock Station, which was the supiily station for General 
Grant’s army before the campaign of the Wilderness. The Canada 
Ihisilo and other wihhIs of similar character may be found around 
many of the abandoned lumber camps in Maine, Michigan, and Wis- 
consin. Thcl Russian thistle has been ciuito extensively introduced 
during the p^st six years in hay used at railway constimction camps in 
North Dakota, Nebraska, and Montana. A single small consignment 
of W estern prairie hay, cn t in K»nnsas or Oklahoma, as indicated by the 
plants contained, was examined in Michigan with the result of find- 
ing fifteen species of weeds. These included mature seed-]>earing 
ifiants of buffalo bur {Solanum rosiratum), bull nettle {Solanum eZti- 
agnifolimn)^ and tumbleweed {Amaranilms alhus). 

WEED SEEPS CARRIED IN COMMERCIAL SEEDS, 

Impure commercial seeds afford the most imiiortant means for Ibe 
transportation of weed seeds. It may bo safely asserted that more 
of our foreign weeds have come to us through impure field and garden 
seeds than by all other means combined, and it is etj[ually certain that 
weeds baveibeen scattered about thixiugh this countiy in the same 
manner. Eiaglish grasses were grown at Springfield, JMass., as early 
as 1658, amt some introduced European weeds were recoided soon 
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Pio, OS.—Eussian thistle: a, fruit, seed surrounded 
hy dried calyx, enlarged; 6, seed removed from 
calyx, enlarged; c, same, seen from above, nat- 
ural size; d, flax-seed; c, same, enlarged. 


afterwards. In 1672 Mr. John Josselyn published in N(JW Bngland^s 
Earities a list such plants as have sprung up sinoe the Eng- 
lish planted and kept cattle in New England.” This list, comprising 
twenty-two species, includes couch grass, shepherd’s purse, dand^on^ 
groundsel, sow thistle, pigweed, dog fennel, and burdock. It is mcKPB 
than probable that the seeds of most of these plante were intro- 
duced with European seeds, which could not have been well cleaned 
with the rude apidiau(*-es then in use. Wlicro modern methods of 

cleaning are used, weed seeds 
to secure extensive triinsporta- 
tion with comruerciiil seeds must 
bo of, approximately, the same 
size and weight as some com- 
mon commercial seed that is 
harvested and thrashed in bulk, 
su<‘li as small grain, grass, clo- 
ver, and flax. Plants that are 
handled separately, like corn, cotton, and many of the vegetables, 
present little opportunity for the admixture of weed seeds. The 
weed and the crop with which its seeds are distributed must have, 
approximately, the same i)eri()d of growth and must reach maturity 
at the same time. 

The seed of Russian thistle {ASalsola Jcali iragun) (fig. C8, a, 6, c) was 
brought to South Dakota and sown with flaxseed {JAnum vsiMhsir 
mum) (fig. 68, cZ, e). Since its first introduction we have records of its 
transportation in flaxseed, oats, wheat, and alfalfa. 

Wheat {Triticum vulgarc) (fig. 69, a, h)^ which is one of our most 
important commercial grains, is permit- 
ted to act as a transporting agency for 
many weed seeds. The seeds carried 
with wheat vary in different parts of the 
country. In Maiyland, Virginia, and 
Tennessee, the southeastern x>art of the 
wheat range, the bulblets of wild onion 
aro often present and are most injurious, 
as they ruin the flour. Th ey are no t seed s, 
but they perform llio office of seeds in the 
reproduction of the plant, and should 
the wild onion be introduced in a region 
where wheat growing is conducted on a large scale, it Avould probably 
spread much more rapidly than it now docs. Chess {Bromus aecalir 
nus) (fig. 69, c) is found in wheat in nearly all wheat-growing regions. 
With modern cleaning machinery it may bo removed almost com- 
pletely, so that there is little excuse for sowing chess with wheat. Coc- 
kle {Agrostemma githago) (fig. 69, d, e) is found in wheat, especially 
throughout the North. Cockle seeds ai*e normally somewl^t smaller 



Fio. C0.--Whoat and its most com- 
zuon impurities: a, wheat ^aln, 
onlargod; h, 6, samo, natural size; 
d, seed of cockle, enlarged; e, 
same, natural size, smaller than 
cookie seeds developed bycoltivar 
tion; c, spikelet of cbeafi, inclosing 
seed, natural size. 


MIOEATION OF WEEPS,. 


277 


thmi whmi ippains. In some parts of the Northwest, where wheat for 
sowing hae 1)een cleaned year after year by steam cleaners, all the 
cockle seedsi except the largest ones have been removed, and these 
have been sown until a large-seeded strain of cocklebur has been bred, 
which is very difficult to separate from wheat. 

Oats {Amna sativa) (fig. 70, a, h) are lighter and more difficult to 
clean than wheat, and therefore, in spite of the fact that they are cul- 
tivated and shii^ped to a much less extent than wheat, they are respon- 
sible for nearly as large a distribution of wxed seeds. The seeds that 
are found as impurities in oats are usually, as might bo expected, dif- 
ferent in shape from tliose most common in wheat, although the elon- 
gated grain of chess is common to both oats and wdicat. On the Pacific 
Coast four varieties of wild oats are common among the cultivated 
species. These are the coiumon wild oat {Avena fahia) (fig. 70, c), 
bastard oat {Avcud fatun 

glahTescens){i\gJO^ d), slen- T 

der oat (Av€7ui barbaia), ■ I ^ 

and fly oat (Ave?ia sterilis). I 1 V 

One of these, the ■wild oat, / a ^ 

has been found as far east k I ffl 1^1 . 

as Illinois, but has not be- I / |V WM 

come abundant enough to m / » iH B ||R 

bo troublesoino east of the I J|/ Nj B |l 

is common and increasing ^ ^ h 

in oats and spring wheat || 

r Fio, 70.-~Thc oat anil some of iti coramon imparities: 

from New England to Ore- ..ulUvat.-d «at; san,„, ..nlarsc-a: r, wild o«t, nirtu- 
go 11, The small shot -like ral size: cl, Imstanl oat, natural fi::o; e, i)od of wild 

seeds of the mustard (fig. rauHinva; fh Eoctions of sumo, enlar^^ed; g, wild mas- 

X seed, onlargod. 

70, g) could bo readily sep- 
arated from the oat were it not that the mustard i>od is often 
broken by the llii*asliing muchiiie into segments ivliich retain the seed 
and which arc of about the same size and weight as the oat grain. 
Weed seeds have doubtless been transported with the seeds of red 
clover {Trifolinm pratense) (fig. 71, o, b) more largely than with any 
other kind of commercial seeds. More weed seeds are mature in 
autumn, when clover seed is harvested, than earlier in the season, when 
other crops are cut, and the seeds of a groat many weeds being, approx- 
imately, of the same size as those of clover, their separation is more 
difficult from clover than from wheat, oats, or barley. Even after pass- 


ing through the modern seed-cleaning machines rod-clover seed is often 
not more than 95 to 97 per cent pure, while less than ono-lxalf of 1 
per cent of impurity is left in wheat after it has passed the cleaners 
now in use^in flouring mills. A standard of purity of oven 95 per cent 
mrelybeen approached in rod clover until within the last ten 
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years, and even now there is a sufficient demand for deap seed to 
keep an unoleaned article on the market. This nncleanei seed rarely 
passes through the hands of large dealers and is seldom ei^^orted. The 
weed seeds most common in clorer seed are the following: Rib grass 
(Plantago lanceolaia) (fig. 71, m, n), pigeon grass {Setaria glauca) 
(fig. 71, i, j), sorrel {Bumex acetoseUa) (fig. 71, o, p, r, s)^ black bind- 
weed {Polygonum convolvulus) (fig. 71, c, d, e), blackheart i^PcHygonum 
lapafhifolium) (fig. 71,/, gr, 7i), and bracted plantain {Plantago aristata) 
(fig. 71, Tc, T). Seeds of white cockle, ragweed, prickly lettnce, pepjjer- 
grass, Canada thistle, bull thistle, oxeye daisy, and wild carrot are not 
infrequent, while those of dandelion, pigweed, careless weed, chicory, 
and many other species are occasionally found. The presence or ab- 
sence of some species depends on the locality where the seeds are 



Fia, 71.— Clover seed and some of its Impurities: a, clover seed; sumo, enlarged; c, fruiting 
calyx of black bindweed, inclosing seed, enlarged; d, seed; e, same, enlarged; fruiting calyx 
of blackheart, inclosing seed, enlarged; < 7 , seed; 7i, same, enlarged; /, seed of pigeon grass; y, 
same, enlarged; 7c, seed of bractod plantain; ?, same, enlarged; m, seed of rib grass; 71 , same, 
enlarged; o, fruiting calyx of sorrel; p, same, enlarged; ?*, coed; same, enlarged. 


growh, as none of the ab()^■c-lnentioned species excei)t ragweed, pigeon 
grass, and sorrel are universally abundant throughout the red-clovcr 
region. Rib grass is j-ocomniended as a forage plant in Europe, and it 
is said to have been sown for this purpose in New England at an early 
date. It owes its introduction and wide dissemination, however, much 
more to impure clover seed than to its use as a forage plant. In 1888 
a local dealer in a small toA^m in Michigan offered for sale as clover 
seed a mixture that contained nearly 40 i)er cent of rib-grass seed. 
Evidently no attempt had been made to clean this seed, but where 
rib grass is abundant in the clover fields, even with the greatest care, 
its seed is almost certain to appear as an impurity in the ciGTer seed. 
It is almost impossible to separate it completely, even with modem 
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cleaaing machinery, but nearly all other weed seeds can be cleaned 
from red-clover seed. 

Seeds of white clover and alsike clover are more difhcnlt to clean 
than those of red clover, especially if they contain seeds of sorrel or 
poppergrass. A large proportion of the white-clover seed used in this 
country is imi)ortod, and as it usually enters into mixtures for lawns 
and i>ermanent pastures it is doubtless responsible to a large extent 
for the present wide distribution of sorrel. The smaller weed seeds, 
like those of molli mullein and the fleabane daisies, are doubtless 
distributed to a considerable extent in grass seeds, but a large pro- 
portion of the iini)iirities in grass seeds usually consists of the seeds 
ot other grasses. 

WKF.DS INTRODUCED AS USEFUL OR ORNAMENTAL PLANTS. 

A few of our most troublesome weeds have been intentionally intro- 
duced for use or ornament. Rib grass, as already mentioned, is said 
to have been sown for forage in Now England in the early colonial 
days. The seed of oxeye daisy is said to have been brought to Rhode 
Island about 1815 and planted to obtain horse feed. It is recorded, 
liowever, as having been abundant and injurious in grass lands in 
Massachusetts as early as 1783. It has often been planted in gardens 
for ornament, and has doubtless escaped thence to the fields. The 
wild garlic rineale), which is now the most injurious weed 

from New Jersey to North Carolina and Tennessee, is said to liave 
been introdiUMMl into tlio gardems of the eai’ly settlers at Germantown, 
Pa., for use as a (lavoring plant, like our common onion. Chicory is 
said to have Ix^en introduced for greens by Governor Bowdoin, who 
brought plants f rom ITollaiid in 1785 and x>lantod them in the grounds 
about his ivsideiuM^ at Mount Bowdoin, Dorchester, Mass. Chi<‘ory 
now overruns all the waste ground in that viciiiit^x 

PuT*slano was cultivated for greens in the gardens of Massaehusetts 
as early as Early in the present century it was taken from 

New York to Michigan to be used as a pot herb, and there are doubt- 
less many instan<*es unrecorded Avhere this x^est of the garden has been 
purxx>sely xdantod for use. Live-forever, which has become so troublc- 
soino in central New York and in some New England States, was 
intiXHluced for ornament, as a medicinal x^ii^'Jit, or as a curiosity in 
nearly every locality where it has since spread. Bladder ketmia, 
bouncing bet, caraway, cornflowor, and the annual morning-glories 
have in nearly all cases whei*o they are now abundant escaped from 
old flower gardens. Golden hawkweed, wild carrot, ramsted, and 
squirrel tail have also been planted in flower gardens. S(xuirrel tail 
and ramsted have boon advertised as ornameulal Xilants in American 
seed oatalogiiiis within the last five years. 

Tbe water liyacinth, whicli ivS stox^ping the drainage in some of the 



280 ITEARBOOK OF THE V. S. BEPABTMEmr OF A0BfCCrLimEIB. 

smaller streams in Florida and Louisiana and even threatenti^ -.]:^^*- 
gation in the St. Johns River, is a notable example of an escaped <oima* 
mental plant. 

SPECIAL AVENUES OF WEED MIGKATION. 

Oortain moans of introduction and routes of transportation are indi^ 
cated by the names ‘‘ballast plants,” “roadside woods,” and “weeds 
along the towpath.” There is need of still one more term of this 
class, ‘ ‘ railway weeds. ” When sailing vessels and earth ballast were 
used much more tlian at present, the ballast grounds at Philadel- 
phia, New York City, Boston, and Baltimore were favorite collecting 
grounds for botanists, as they continually i)resented si>ecies new to 
the country. One hundred and throe species were taken in ballast 
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from Buenos Ayres to New Zealand within a period of a few years. 
Roadsides in the country are usually lined with weeds, the seeds of 
which have fallen from loads of hay and grain and from the fur of 
animals. In some parts of northeastern Oregon the sheep trails are 
lined with red chess {Broinus rubens), the long barbed awns of which 
cling to wool. Many plants new to New York have been introduced 
along the Erie Canal. A largo proportion of the seeds doubtleiss came 
in the hay and grain fed to the liorses and mules along the towpath. 
The introduction of weeds from this source increased to such an extent 
that in 1847 the legislature of New York passed a special law requir- 
ing the destruction of “thistles and other noxious weeds growing 
on the banks and sides of canals.” The railroad lias superseded 
the canal in the transportation of weed seeds as well as in that of 
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{lasseagers and freight. Before tho Canadian Pacific Railway was 
completed, the tumbling mustard, previously unknown in the North- 
west Provinces, was found at many points along the lino. Many other 
weeds have migrated westward along this railway, foomo of them 
almost keeping pace with tho work of construction. Itailway trans- 
portation offers many facilities for tho migration of weed seeds. In 
tho West, tumbleweeds arc frequently blown into the trucks of cars 
and arc carried long distances. There are records of two instances, 
one in North Dakot«i and one in Minnesota, in wliich gi*aiii cars were 
wrecked, each (‘aso resulting in an abundant introduction of tho Rus- 
sian thistle. This idaiit seems to b(‘ iiaitieulail} a railway weed. It 
has aiipeared first along the railways in sixteen of the twenty-one 
States and Teintories in whhdi it has been introduced. In nearly all 
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the States wlieie it is now found its wide distribution has been effected 
ehiefiy by tho lailways, in spite of tho fact that tho railway compa- 
nies have gou(‘rally done more than all other parties to combat it. 

HlSlOJU or AVEKD MIGRAITOXS 

jasiitiBniuN oi some prominent wjius. 

The aeeompanying maps (figs. 72 and 73), showing the present geo- 
graphic distributiou of some typical 'weeds in the United States, will 
indicate some of tho peculiarities in the ranges of w cods. Some plants 
are restricted to tho northern i>art of tho coiiiitrv and others to the 
soutliern part. Those restrictions are evidently duo <*hietly to differ- 
ences in temperature, length of growing season, and moisture. The 
mustards are generally confined to the North, while tho nightshade 
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and spurge families are more abundantly represented in the South. 
Canada thistle, Russian thistle, wild carrot, and prickly lettuce are 
mostly restricted to the North. All of them extend into Canada, 
but for lack of sufficient data their ranges are not indicated on the 
map beyond the borders of the United States. Canada thistle intro- 
duced on the Gulf Coast does not survive. The other si)ocies, while 
surviving in the South, do not increase as rapidly or crowd out other 
vegetation to as great an extent as they do in tlie North. Nut grass 
{Cyperus roiundm) is very troublesome in many localities from North 
Carolina to Arkansas and Texas, but it does not thrive farther north, 
where the frost reaches deep enough to affect its tubers. 

Some weeds api)ear to thrive best on soil that has been worn out by 
long cultivation. Examples are found in the oxeye daisy and wild 
carrot, both of which were introduced on our Atlantic Coast more than 
a century ago. They are both slowly migrating westward, generally 
keeping twenty-five years or more behind the advance of cultivation, 
that is, tliey rarely become abundant in a locality that has been set- 
tled less than twenty- five years. The 0x03^0 dais}’' was introduced 
along the shores of the Great Lakes by the early French missionaries, 
and, although it has persisted in some of their camping places, it has 
not sx)rcad in those localities until within recent years. Quite the 
opposite tendency is exhibited by lire weed {Erecliiites hicracifolia) 
and bull tliistlo, which thrive best on recentl}^ cleared laud and usually 
decrease or disapiiear cntircl}^ after the land has been cultivated a few 
years. 

Two x^lauts whose natural adaptations for spreading are almost 
identical ma}’' differ entirely in their actual migrations on account of 
their different relations to human agency. Prickly lettuce and chon- 
drilla w^erc introduced into this country at about the same time. 
Each produces seeds from earl}" in July until frost kills the jdant in 
autumn. The seeds (ak(mes) of both 8X)ecies are of nearly the same 
size, approximatel.y the same in number on average plants, and pro- 
vided with the same kind of stalked i)apx>us for disti’ibulion by the 
wind. Ohondrilla was introduced in West Virginia, where comxmra- 
tivel}^ little clover seed or hay is X)roducod for Bhix)ment, and it has 
scarcely spread beyond the valley of the Potomac River. Prickly' 
lettuce, introduced in Ohio and Michigan, soon reached localities 
where the chief industi'ies were the production of hay and clover seed 
for shipment, and its distribution has been exceedingly raxnd. 

The gcrininative vitality of the seed has also a i)otent influence on 
the iffant’s migrations. Canada thistle is said to have been introduced 
in Lower Canada more than two centuries ago, but its present distri- 
bution scarcely exceeds that of the Russian thistle, introduced less 
than a quarter of a century ago. The chances of the distribution of 
seeds are nearl}’' equal for tlio two species, but the production of per- 
fect seeds in the Canada thistle is very irregular, while the Russian 
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tMstie seldom fails to produce a good supply of seeds capable of 
germination. 

THE DIRECTION OP WEED MIGRATION. 

A study of the origin of weeds now in this country will impress one 
with the largeness of the number that have been introduced from 
Europe in comparison with the number of native species or of species 
received from other directions. In the list of 200 weeds of the United 
States published in the Yearbook for 1895, 108 species are of foreign 
origin, while 92 are native. Of the 108 introduced species, 64 are 
native in Europe and 30 are ascril)ed to the Old World in genei*al, only 
2 Asiatic spi^eics in the list liaving established themselves as weeds in 
this country without being first distributed in Europe. Africa and 
Australia are not represented among onr weeds, while Central and 
South America h«ave contributed only 12 or 15 important species, most 
of which are confined to the Gulf States. A list of the plants of Michi- 
gan published in 1802 ^ contains 1,604 indigenous species, of which 22 
are recognized as injurious weeds, and 142 species introduced from 
Europe, of which 57 have become troublesome weeds. 

A list of Kansas weeds ^ enumerating 209 sx)ecies contains 129 native 
species, 42 introduced from Euroi)e, and 38 from all other sources. 
Eighteen species native in the States oast of the Mississippi River 
have been introduced into Kansas in opposition to the prevailing 
winds and the direction of tho drainage, while only 3 species are men- 
tioned which have come from tho Rocky Mountain region with both 
of these natural forces in their favor. 

In an artii'le on tho weeds of California® 110 species are mentioned 
as troublesome in that State. Of these, 53 are native, 43 are intro- 
duced from Europe, 5 are from tho eastern United States, 3 from Cen- 
tral and South America, and only 2 from Asia. Even in the States 
bordering the Gulf of Mexico tho number of weeds introduced from 
Europe in cultivated land equals or exceeds those from Mexico and 
South America. Canada thistle, bur clover, and skunkweed have 
been taken from California to Australia, where they quickly became 
naturalized and arc now rai)idly spreading. 

The general trend of weed migration is westward, from Europe to 
America, from the Atlantic Slates to the Mississippi Valley and onward 
to tho Pacific Slope, and even across the Pacific Ocean to Australia 
and Kow Zealand. Less than half a dozen American species have 
become troublesome in Europe. Only three or four species from west 
of the Mississippi River have become widely distributed in tho Eastom 

' Miohigan Flora, by W. J. Beal and C. P. Wheeler, Thirtietli Annual Keport of 
the Michigan State Board of Agriculture, 

* Bulletin No. 57,EIansas State Agricultural College, Wee<ls of Kansas, by A, S. 
Sitchcock and J. B. S. Norton. 

^Weeda of California, by E, W. Hilgard, Report of the Agrictili-ural ExiH*riment 
amrnoi the University of California for 1890. 
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States, and only one or two weedy species have entered the iMfinsdily 
on the western coast from Asia or the islands of the Pacific Oceaaa, 

PREDOMINANCE OP EUROPEAN WEEDS. 

One of the chief reasons for the prei)()nileranco of European species 
among our introduced weeds lies, doubtless, in the fact that our 
commerce with Europe is greater than with all the other continents 
combined. Until within the last twent}' -live years our traffic with Asia, 
Australia, and South America has been comparatively unimpoilant, 
and even now we have voiy little direct communication with Africa, 
This country was settled by Europeans who have planted European 
crops with seeds imported from Europe. It Is but a natural conse- 
quence of these conditions, therefore, that among the introduced weeds 
of this country those of Europe should i)redomiuate. 

WESTWARD TRANSPORTATION OF IMPURE (COMMERCIAL SEED, 

It is only within the last halt* century that the exportation of Amer- 
ican-grown field seeds, such as clover, grass, and grain seeds, has 
equaled the importation of seeds of these kinds from Europe. During 
the earlier years, when the greater xiroportion of seeds sown in this 
country came from Euroiio, the imperfections in the gradually im- 
proving seed-cleaning machinery made it impossible to clean seeds as 
perfectly as those now exi)ortcd to Europe may be cleaned. Even 
now, owing to the greater number of weeds in Eurox)e with seeds 
adapted for distribution in held seeds, and the fact that the seed- 
cleaning machinery in common use there is generally inferior to the 
fanning mills used on the farms here, the (*ornmcrcial seeds as placed 
upon the market usually contain more iminirities than do those sold 
by the seed growers in the United States, and unless extra care is 
exercised by European exporters in cleaning their seeds they are 
likely to contain more weed seeds than do those which are now 
shipped from this country to Europe. Thus the exchanges in com- 
mercial seeds with Europe ha^'o favorcMl tlio westward migration of 
weed seeds. 

Somewhat similar conditions have existed in the transportiation of 
field seeds within the United States. The growth of clover, grass, 
and gi'ain seeds for sowing, beginning on the Atlantic Coast, has been 
slowdy moving westward, until now the chief sux)ply is iiroduced in 
the Mississiiipi Valley. As the standards of purity have been con- 
stantly improving during all those years, most of the seeds whidi 
are shipped toward the east contain less weed seeds than those 
which have been shipped westward. Two notable examples may be 
cited of weeds that have migrated eastward with commercial seeds. 
Yellow daisy {Rudhechia hirta) is said to have been unknown in 
Few England until clover and grass seeds were brought there 
from Few York, and during the past few years bracted plnntalll 
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{Pkmtago aristata) has appeared in many places in the East, where 
its seed had evidently been sown with clover from the Mississippi 
Valley- These two instances are notable because of their singu- 
larity, but they also indicate that, were all other conditions equal, 
we might reasonably expect a greater eastward migration of weeds 
than we now have. 

MIGRATORY WFEDS PEVELOPED BY CULTIVATION. 

Another and very different reason why tlie eoiiiso of weed migration 
coincides with that of cultivation lies in the xdij-siological history of 
the plants themsolvos. The cultivation of the land beginning in the 
valleys of the Euphrates and the Nile has Ix^eii extending westward 
for more than thirty centuries. Many of the v/ceds of agriculture as 
well as many of the cultivated jdants had their origin in Asia Minor 
or in the region of the Mediterranean Sea. Cultivation produces the 
conditions of environment under whi(*h weeds develop. It also aids 
in i>rodueing conditions in the constitution of the plant itself which 
render migration i)ossible. To bceomo a weed a plant must be well 
adapted to exist and iiutltiply under the conditions with which it is 
surrounded. The veeds of agra ultiirc are usually sin*rounded with 
more or less artifi<‘ial conditions, duo to cultivation and grazing. To 
become a weed throughout a wide geographic range a plant must 
have a wide range of adaptability. The ranges of indigenous species 
are frequently limited by changes in the soil, tGmx)eraturc, humidity, 
intensity of sunlight, and length of growing season. Many indigenous 
plants are unable to wilhstiind the changes brought about by cultiva- 
tion. Thus, in Michigan, while 22 indigenous spe(»ics liavo adapted 
themselves to the conditions of eiillivation and liavo become weeds, 37 
Bi)ecies whu'h were formerly common arc fast disapi)earing. Their 
places arc being taken by 1 i2 European species, w^hieh are rapidly 
becoming naturalized. All tlieso introduced jdants are found in cul- 
tivated ground or in waste land about villages in Euroiie. Instances 
are exceedingly rare of jdants from uncultivated land in Europe 
becoming naturalized in America. Plants acquire a habit of growth 
suited to their environment. If they grow generation after generation 
under the same conditions, this habit becomes fixed and is not readily 
changed to suit different conditions. If, on the other hand, the envi- 
ronment of the plant is frequently changed, the idaiit either dies and 
becomes extinct or it acquires a flexible habit capable of adapting 
itself to a great variety of sit uaiioris. The processes of agriculture, 
including the rotation of crops, grazing and trampling of animals, 
clearing of woodland, draining and irrigating, imply a continual 
change of conditions. The plants that survive these changes must 
necessarily acquire a considerable range of adapbibility. This range 
is still further enlarged by transportation from one locality to another- 
The possibilities of transportation to considerable distances are many 
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thousand times greater by artificial means, such as affect plants of oal* 
tivated land, than by natural means, which must be depended upon 
by plants of wild land. 

Nearly all the indigenous species of America that have become mi* 
gratory weeds, as bur grass, cocklebur, squirrel tail, horseweed, and 
buffalo bur, are adapted to distribution by animals or wind, and have 
long had a wide range from north to south. They had, therefore, a 
considerable degree of adaptability before encountering the conditions 
of cultivation. 

SUMMARY. 

The discussion may bo summed up in the following statement of 
facts and conclusions: 

1. Weeds effect a dispersion of their kind independently of their 
external agencies by means of runners, rootstocks, running roots, and 
apparatus for throwing seeds. 

2. The dispersion of weed seeds is aided by the natural agencies of 
wind, water, and animals. 

3. Seeds are rarely carried long distances by natural agencies. 

4. Weed migration is aided by man more than by all the natural 
means combined. 

5. To become a migratory weed a plant must have a wide range of 
adaptability. 

6. A plant acquires a wider range of adaptability under conditions 
of cultivation than in wild land. 

7. The general direction of weed migrat ion coincides with that of 
the progress of cultivation. 

Weed migration may be checked by the following means: 

1. By preventing the production of seeds and burs. 

2. By using greater care in cleaning farm machinery moved from 
field to field. 

3. By using greater care to j)rovont the transportation of seeds, 
bulbs, and roots with nursery stock. 

4. By burning the “packing” of ci’ockery, castings, etc. 

5. By destroying weeds in the meadow or throwing them out as hay 
is baled. 

(5. By using greater care in cleaning commercial seeds. 

7. By a consideration of the probable consequences before purposely 
introducing plants like chicory, purslane, or oxeye daisy. 

8. By having “ballast weeds,” “roadside weeds,” and “railway 
weeds ” watched for and destroyed before they become weeds of the 
farm. 



COWPEAS. 

{Vigna caijang.) 

By Jared G. Smith, 

AsHisiant Agro&tologist, U. S, De])artment of Agriculture, 

ORIGIN AND GENERAL CONSIDERATIONS. 

The cowpoa is to the Soutli what alfalfa is to the West and red 
clover to tho North — a forage plant perfectly adapted to the needs of 
the region where it grows. The cultivation of this crop in America 
dates back to the early part of tho eighteenth century. A South Car- 
olina planter received a (|uantity of seed from a foreign source, which, 
according to certain authorities, was an English acclimatization society 
or the captain of a trading vessel from far-off India or China. From 
this small and obscure beginning eowpeas siiread throughout the 
South, and their cultivation has been essayed as far north as Connec- 
ticut, New York, and South Dakota, and westward to California. 

Cowpeas grow wild in far eastern tropical lands, including India, 
China, Siam, tlic^ Slalay Archipelago, and portions of Central Africa, 
and have become an escaiio from cultivation in the southern United 
States and tropical America. From tho South the plant has been car- 
ried in recent years to South Africa and Australia, so that it is now 
grown as a forage idant or for human food throughout all the warmer 
quarters of the globe. Cowpeas are in their relationship and habit of 
gi'owth really beans, and not , as the name would indicate, peas. They 
belong to the genus Vigna, tho members of which are largely reino- 
sented in South Africa, and are closely related to tho lablab, lima, and 
haricot beans of our gardens, aswxdl as to numerous cultivated or half- 
wild garden sorts common in tropical Asia and America, but liltlo 
knoAvn to us. 

There are a very large number of named forms or varieties of this 
forage plant. New forms are constantly arising, due to variations 
in habit of growth, color of leaf, stem, and pod, and the shape and 
color of the seed. Variations from any chosen type are constantly 
appearing, and as one or another of these sports or forms gains sufli- 
cient local reputation a now name is applied and sooner or later the 
supi)osed now variety is placed upon the market. In this way one 
variety of cowpea may be cultivated in a dozen different localities 
under as many names, or a dozen different peas may bear tho same 
name. The whole subject of the nomenclature of varieties is in a 
chaotic state and can be straightened out only after years of careful 

287 
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study have been given to it by botanists and the experimental igrl** 
culturists. No valid conclusions can be drawn from the brief study 
of a subject so complex. Cowpeas pass through every gradation of 
form, from a short, stocky, upright bush having single stems a foot 
high with very short lateral branches to those with trailing runners 
growing as flat upon llie ground as .swcet-i>otato and melon vines, the 
prostrate stems 15 or 20 feet in length. The i)ods vary from 4 to 16 
inches in length, and the peas are of every imaginable shade through 
white, yellow, green, pink, gray, brown, red, purple, and black, of 
solid colors or variously mottled and speckled, and of A’^arying sizes 
and forms from large kidney-shaped to little round ones smaller than 
the garden pea. There is a like variation in the length of time the 
different forms require to ripen seed, some j*equiring eight or nine 
months, a few ripening in sixty days from the time of planting. 

There seems to be a somewhat constant relation between the time 
required for attaining maturity and the habit of growth. The bush 
varieties ripen in a shorter season than the trailers, but a bush vari- 
ety taken from the North will, in the course of a few seasons, assume 
the trailing habit and lengthen out its period of growth in any of the 
Southern States. Also, a runner or creeper requiring six to eight 
months for reaching maturity in Louisiana will, if planted each year 
a hundred miles farther north, gradually aecommodato itself to the 
shorter season and at the same time sliortcn its runners, approaching 
more and more to the ui^right or ‘‘bush” hfatbit ttf grt»Wt<h. There can 
be no hard and fast lino of separjition belwccni bush peas, trailers, 
and runners. The best varietal character is i)r()bably the color of 
the seed. It is quite probable that more than one species is in culti- 
vation. The “ red ” and ‘ ‘ black ” varieties are closely allied ; the round 
^‘lady” peas form a separate group; the largo “black-eyed” and 
“purplo-eyed” are typical of another, and the variously mottled and 
speckled “ whip-poor- Avills” arc only a degree removed from the solid- 
colored yellow, i)ink, and light-brown ones, and together would nat- 
urally be' taken to constitute one species or variety. The black peas 
pass through various shades of red before maturity. The red varieties 
sometimes carry their change of color in ripening so far that they can 
not be distinguished from the black. The ‘ ‘ black-eyed ” and ‘ ^ purple- 
eyed” are of the same ground color, differing only in the color of the 
ring surrounding the eye. The various “ crowd<'.rs,” yellow and white, 
the whip-poor-will, clay, and “yellow-eyed” forms have numerous 
crosses and so-called hybrids in which the fundamental yellows and 
browns form varying mixtures. 

COWPEAS AND SOIL RENOVATION. 

A field of cowpeas has been very happily designated ‘ ‘ the poor man’s 
bank,” for in common with all its leguminous congeners, the field 
clovers, alfalfa, and a score of others, this crop has the power 
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increasing the fertility of the soil upon which it grows. This fact has 
long been accepted by farmers and students of agriculture, but until 
recent discoveries in Germany and America it was believed that the 
chief function of these plants was to pump up nit rogeii from the sub- 
soil reservoir to the surface by moans of their long I'oots for the use 
and benefit of succeeding eroi)s. 

But experiments in the field and laboratory for the purpose of deter- 
mining the causes of natural phenomena have taken the place of class- 
room p]iiloso})hy and speculative reasoning. Within the last twenty 
years scientific workers have discovered that minute micro-organisms, 
or bacteria, which live within the tissues of the rooLs of leguminous 
plants take uj) free nitrogen from the gases in the soil, just as the 
higher plants and animals utilize the oxygen of the air. This nitrogen 
enters into combination lo form nitric acid, which unites witli the min- 
eral elements of the soil to form nitrates, a kind of i>lant food exceed- 
ingly valuable to the growing crop. Nitrogen, when in combination 
wuth other elements, is an indisiiensable form of xdant and animal 
food, but tlie free clement can not bo utilized, uncombined, by any of 
tho higher organisms. Small amounts of nitrous acid arc formed 
as a result of lightning discharges and are ^vashed out of the air by the 
rains, to be in part absorbed by tho soil, and in part carried by rivers 
and drainage waters into tho sea.. Free nitrogen exists only in tho 
air and in the gases of tlio soil, but as ammonia, nitrous and nitric 
acid, nitrites and nitrates, it is present in varying (luanfities in 
the soil, the unbroken rocks, and the waters of continents and 
oceans. 

The most available i)urehasablo nitrogen is obtained either as salt- 
peter or nitrate of soda from tho extensive deposits in tho Peruvian 
deserts, or from some form of animal wastes, such as freshly ground 
bone, dried blood, guano, tankage, and fish scrai), and from cotton-seed 
meal and otlier like by-products of tho oil mills. These fertilizers are 
all exx)eiisive, so much so that they can bo profitably employed by tho 
farmer only in intensive farming with si)ec*ialized croj^s. The gain in 
yield with low-x)riced crops, such as corn, cotton, tobacco, cowpeas, 
and tho grasses, nsing high-grade and costly fertilizers, is not com- 
mensurate with the additional cxi^ense. But every farmer, rich and 
I>oor, lias over three thousand tons of atmosidieric nitrogen resting on 
every aero of his farm, a certain quantity of w hich can bo transformed 
into available idant food every time that he growls a crox) of cowpeas, 
red clovei*, or alfalfa. 

There are a great many acres of farming land in tlio Sout h in need 
of renovation. Tho red uidands and ycllow^-clay soils w ore undoubtedly 
less fertile originally than the alluvial and black xirairic soils, and the 
methods of cultivation which formerl}?- prevailed have still further 
diminished their productiveness. In the days wiien every plantation 
12 a96 19 
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numbered its acres by the thousand and labor was cheap, the planter 
could afford to clear off the native forest growth and bring fresh fields 
into cultivation whenever the yields of cotton and tobacco fell below 
what was considered a profitable figure. The old field, stripped in a 
fevf years of its accumulated store of humus, w^as abandoned and 
allowed to grow up to weeds and underbrush. The f or<‘st again spread 
across it, and gradually, in the slow course of half a lifetime, the nat- 
ural enrichment of its surface soil by the growth of the woodland 
grasses made it ready for anotlier robbery. 

But with the breaking up of the large estate?; and the abrupt cliango 
ill the lalx)r conditions this motliod of farming became no longer profit- 
able or even possible. A i>lantcr with fewer acres could no longer 
afford to await nature’s slow process of rojuveiiatiiig the soil. A new 
system of farming was necessary. The land must not be allowed to 
‘^go back.” It must be kept up to the highest state of productiven<\ss 
by a rotiition of crops, a judicious use of ooininercial fertilizers, the 
growth of nitrogen-fixing leguminous crops, and good and thorough 
cultivation. To maintain the fertility of any soil the amount of humus 
or decaying organic matter in it must be kept up. Take two soils of 
as nearly as possible the same xibysic^al and geological formation, but 
the one rich in humus and the other lacking it, and fertilize them with 
equal quantities of commercial manures; tlio one which has the most 
organic matter in its composition will yield the largc^sl crop. The soil 
on that field will stand drought better, will wash l(^ss under torrential 
rains, and bo more friable and of better tilth. Tlio average soils of 
the South iK'od more liiimus. It can be best siqqdied by so^v'ing more 
grass, more permanent j>asture lands, more leguminous <‘rops. In a 
word, plant co^vpeas. 

COWPEAS FOK FOKAGE. 

There is no forage idant better adapt(*d to tlio needs and comli'tioiLs 
of Soiithoru agriculture than this rank, free-growing annual. It will 
thrive luxuriantly upon the rich, swampy, cane lands of Louisiana. 
On the driest and most sterile worn-out uplands it servos the admir- 
able purpose of supplying a larger quantity and better quality of for- 
age than any other bean or clover. And whenever a drop of cowpeas 
has been taken off a field the surface soil is left richer by a good 
many pounds of that most costly of all plant foods, nitrogen. The 
roots of the cowq^ea enter deeply into the soil, o|)cning and loosening 
it far down for the benefit of the roots of the succeeding cvoi)S of corn, 
cotton, and t/obacco. It has ])cen found by cxi)eriment that the ferti- 
lizing value of the roots and stubble of the covvi)ea arc very consider- 
able, but not as great as tliat of the hay removed from the field. The 
best and most economical use of this forage croj) is, then, to cut fo]’ hay, 
feed to stock, and return the stable manure to tlu'. soil. Plowing the 
whole crop under is less remunorativo because there is much needless 
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waste of the muscle-making and fat-forming constituents of the plant 
which would bring more profit if turned into bocf, pork, wool, cheese, 
or butter. 

As regards the disposal of the crop, there is a wide variation in 
practice. The feeding value of vines and peas much exceeds their 
fertilizing value. But as between the iiractice of turning the vines 
under green in autumn and that of allowing thorn to lie on the 
ground during the winter, the latter is undoubtedly sojm^iinies to be 
l>refciTed, though tiicorctic^ill}^ wrong. Theoretically, to plow llie 
vines under in autumn will bo to save all the available nitj*ogen and 
convert the Avholo plant into humns. Practically, the turning under 
of so large an amount of watery green herbage is highly injurious, 
causing a too rapid decay and conscfiuent ‘^nirning” or souring of 
the soil. The upper soil layers, freshly stirred and mellowed in 
autumn, lose more by leaching and washing than they do in an 
unplo\ved field covered by its winter mulch of deca 5 ing herl>age, 
though in both cases there is a decided loss of fertility over what 
would result l>y following the peas witli a (jrop of rye, winter wdieat, 
the turf-forming winter oats, winter vetch, or crimson clover. The 
yields of forage are better on rich soils than on poor ones, but the 
beneficial (effects upon the succeeding croi> due to the growih of this 
one arc not so marked in the former ease as in the latter. 

METIIonS OF C’ULTTVATIOX AND HAKVESTINli. 

C'ow’peas are plante<l broadcast or in drills, very commonly between 
the coni iws after the crop is laid hy. The amount of seed used 
varies from i cpiarts to 2 bushels i>er acre, the average amount being, 
lierhaps, about 3 pi'cdv^. If sown in drills, IB to 30 inches apart, less 
seed is required than wiieii sowm broadcast. The seed will stand being 
covered to Die depth of 2 or 3 inches, but care must bo taken to plant 
wiion tlio ground is neither too wet nor too cold, as the jieas rot very 
rapidly under such circumstances. In regard to excess of moisture 
cowiieus behave like beans, and in the early stages delight in a warm, 
mellow’ seed lied. Much of the failure that has at tended the altemiited 
introduction of cowpeas into the Northern States is duo to planting 
before the ground is w'arm enough. It must bo remembered that this 
lilant originated in the Trojiics and that wdicii transplanted to liigher 
altitudes it makes its lK\st growth in the hottest weather. It is oven 
11101*0 susceptible to cold and wet than is Indian corn. Ibuice, proper 
delay in iilanting will pi^rmit eeonomy in the use of seed. ^A"liei*o tlio 
A’iiies arc grown for ha}’, the yield will be larger if the s<'cd is planted 
in drills and cultivated a time or tw’o. Tlio yield of p(^as is also larger 
when only a moderate amount of seed is sown and the vinos liave more 
space and light and air botw’ecn them. It is also heavier from late- 
plantod vines than from the veiy early ones. In tests to del ermine 
the relative value of different named varieties it has been found that, 
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as a rule, those which make the heaviest yields of vines also bear large 
crops of peas. 

The vines should bo mowed for hay when the peas are well formed 
and the leaves are first beginning to turn yellow. After wilting on 
the ground or in windrows from twenty-four to forty-eight hours, the 
hay is placed in small, thin i)iles, or cocks, and allowed to cure for 
several days, when it may bo carted to the barn or stacked under 
sheds. The haymaking process is a difficult one, req^uiring more care 
and attention than in the case of red clover, because the broad leaves 
and thick stems contain a larger amount of water. The hay must be 
placed in cocks before the leaves become brittle, and the piles must 
be small enough to allow free (urculation of air to the center of each. 
Bright cow]3ea liay, clean and well cured, is worth as much as the 
best red-clover hay, and tlicre is no good reason why the Southern 
farmers and ifianters should buy the Northern-grown article for their 
working stock or for fattening their cattle. Every ton of hay used on 
the estate should bo grown there. Another method of curing hay is 
to stack the vines in a pen or rack of rails or poles so arranged as to 
allow the air to enter every part of the pile. Tins stacking over poles 
is the best where the vines ai*e i)ulled. or Avliero the 1 railing and creep- 
ing sorts are used. The bush varieties are the best for liay, because of 
the greater case with which they may be mowed and handled. They 
also hold their leaves better than the I’anker trailing sorts. The yield 
of hay varies according to the fertility of the soil upon which it is 
raised, whether it is grown on ricli lowlands or on the drier and more 
sterile uplands. In the Gulf States cowpeas will i)robably give an 
average yield of 2 to 3 tons i)er acre, while 4 to G tons are not uncom- 
mon. Farther north the average will range from J4 tons in Oliio to 

tons in Arkansas, Missouri, and Tennessee. As witli other crojjs, 
the time of planting, the character of the soil and of the cultivation, 
and the amount of rainfall have much to do with the yield. Along 
the Gulf it is one of the best hay croi)s. North of the latitude of the 
Ohio River it is chiefly valuable as an addition to the list of drought- 
resistant, summer-soiling croi>s and as a crop that will yield a con- 
siderable amount of forage on soil too sterile to grow red clover. The 
commercial value runs from $0 to 120 per ton, being governed by the 
relative abundance of other grades of hay and fodder. Its feeding 
value is equal to that of the best red clover, and the hay ranks high 
in palatability and digestibility. 

COWPEAS FOR SWINE AND CATTLE. 

When cowpeas are planted for green manure, it is an excellent prac- 
tice to turn hogs into the field about the time that the first peas are 
ripening. Young pigs thrive amazingly on tlie succulent foliage and 
well-filled pods, and the quality of the pork raised on such a healthful 
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and nutritious diet is very fine. This is a very profitable method of 
fattoixing hogs or of preparing them for topping off with com or 
sorghum for market. An aero of ripening eowpeas will j^asture from 
fifteen to twenty hogs for several weeks, and the gain in fertility 
from the droppings of the animals during that i)eriod will more than 
counterbalance the fertilizing A'alue of the forage oaten. The rapid 
increase in weight will thus represent so much <d(‘ar i^rofit, and the 
farmer is richer by half a ton or more of prime pork for CA^ery acre 
planted. Chickens and turke3\s also eat the ripe peas and do well 
upon them. Cattle and horses are somotirnes pastured on them, but 
the safer and more economical Avay of feeding cowpea Adnes to such 
stock is to cut or i)ull and feed partially Avilted. There will be less 
waste and destruction from tramiding, and if each animal is given 
only so much avS it can cat chian, the greatest economy as well as 
greatest profit will result. Furthermore, eatile and sheep are liable 
to bloat if allowed to eat too raA-eiiously of coAvpea Ad nos or any other 
rich and succnlent forage, and by using it as a soiling crop the danger 
may bo more readily controlled and the loss i)revonted. The report has 
been sent out from some of the Northern experiment stations, where 
this forage j^lant is not ordinarily cultivated, that cattle will not cat 
the green vines except after having been >starved to it, and then only 
si)aringl5\ Wc have seen Western horses and ponies that would not 
toiieh red clover or a grain ration of oats, and have lieard of Eastern 
stock that Avould not oat alfalfa hay. l>ul these fcAv adverse cases 
do not prove that red clover, alfalfa, and oats arc not good forage. 
With the cowpea the ease is similar. It is A’ory rarely that any South- 
ern planter rci)orts that this forage is refused by any kind of stock. 

COAA'PEAS FOR EKSILAGK. 

Reports are A^ery conflicting in regard to the Amine of this crop for 
. ensilage. There is much jiositi ve testimony both for and against, some 
authorities stating that the quality is excellent and others that the 
vines contain too much AAmter, the product of the fermentation being 
a slimy, foul-smelling mass, unfit for food for any kind of animals. 
From reports on the subject it is to be belicAmd that the attempt to 
conAmrt cowpea Adnes into go<xI ensilage can not be made Avith such 
uniform success as in the emse of red eloAmr, The percentage of water 
in the tissues is too high, and the mechanical difficulties in the way 
of running a mass of tangled herbage through the feed cutter are too 
groat. Special machinery Avould have to be constructed for the pur- 
pose. Indian corn will i)robably remain for many yeans the best all- 
round forage plant for this purimse. The consensus of opinion among 
agricultural workers seems to be that ensilage made from any legume, 
Avhether it bo eowpeas, Amtehes, soja beans, alfalfa, or the clOAm.rs, does 
not equal in feeding value good hay made from the same. Under 
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certain conditions that arise in the silo the crude protein is converted 
into indigestible or insoluble nitrogenous compounds. The cowpea 
or clover ensilage is then valuable only for the carbohydrates that it 
contains, and either corn or sorghum is far superior to it. 

IIARVESTING TUE SEED. 

The majority of farmers harvest only enough seed of cowpeas to 
plant again the next season. Tlie ripe pods are picked by hand and 
are stored in barrels until needed or are thrashed out by machine or 
with flails on the barn floor during the winter. Sometimes, if the 
croi) is heavj^ enough to render it profitable, the Yines are rim through 
an ordinary thrashing machine from which the concaves and alternate 
teeth of the cylinder have been removed. But a machine breaks and 
bruises more of the seed than when the pods are first picked off by 
hand. Fully 95 per cent of the seed placed upon the market is 
hand picked. The yield per acre varies according to the varieties and 
the method of cultivation. Eight to twelve bushels is a fair average 
of the amount that can be obtained when the peas are planted in the 
corn rows. Sown alone, broadc^ist or in drills, yields of from twenty 
to thirty-five and even, in rare cases, fifty bushels are obtained. The 
Black, Unknown, Red Ripper, Clay, and Calico varieties are all heavy 
seed bearers. Lady and White Crowder are good for table use and also 
yield well. The Black-eyed, Red Crowder, and Whip-poor-will or 
Speckled are very widely cultivated and find ready sale. Those which 
make the largest growth of vines for green manure, as a winter soil 
mulch, for hay or soiling are the Unknown, Red Ripper, Southdown, 
and Clay. Whii)-poor-win, Black-eyed, White, and Red Crowder 
rii)cn in from twelve to fourteen weeks, and hence are adapted to 
cultivation farther north than the very late, but ranker growing, 
Unknown, Wonderful, Red Ripper, Black, and Gourd varieties. The 
New Era and Lee ripen seed in from six to seven weeks, and hence are 
the ones to recommend for summer-soiling crops in the upper i)rairie’ 
region of the Mississippi Valley or anywlicre else that an earl}^ matur- 
ing cowpea is required. This is one of the species of cultivated plants 
which is very readily modified by change of habitat. Early and late 
maturing forms may be found of every strain that has been iji culti- 
vation for any considerable time. 

THE FEEDING VALtTE OF COWPEAS. 

The feeding value of cowpea vines is very high, as shown by both 
feeding tests and chemical analyses. As hay the vines are more val- 
uable than fed green for soiling purposes. A eomx»arison with rod 
clover and alfalfa is made in the table on the next page, a compila- 
tion^ of the averages of a number of analyses from various sources. 


* Handbook of Experiment Station Work, Appendix, 1893. 
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Feeding value of coivpeas compared with red clover and alfalfa. 


Article, 



Frcsli or air-dry material. 



Number 

of 

analyses 

Water. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 

free 

extract. 

Pat. 

Cowx1oa^«: 








Green 

10 

83.6 

1.7 

2.4 

4.8 

7.1 

0.04 

Hay 

8 

10.7 

7.6 

16. C 

20.1 

42.2 

2.9 

lied clover: 








f Irecn 

43 

70.8 

2.1 

4.4 

8.1 

13.5 

1.1 

Ilay ! 

38 

15.3 

6.2 

12.3 

24.6 

33.6 

3.0 

AKalfa: ' 








Giv-'i. n 

23 

71.8 

2.7 

4.8 

7.4 

12.3 

1.0 

Hav 

21 

8.4 

7.4 

14.3 

25.0 

43.7 

2.2 




Calculated to water-free f.ubstance. 

Article. 





Fiber, j 

Nitrogen 





Ash. j 

Protein. 


free 

Fat. 







extract. 


CowiH us: 








(iro(‘n 



30.5 

14.3 

29.0 

43.6 

2.6 

Hay 



8 5 

18.6 

22.6 

47.2 

3.2 

Red < lover. 








Grt't‘n 



7.2 

15.3 

27.8 

43.8 

3.0 

Hay 



7.3 

13.5 

31.3 

43 0 

4.9 

AUalfa: 


1 






Green 



0.4 

17.1 

26.2 

43.9 

3.4 

TTuv 


i 

8.1 

15.6 

27.3 

46.6 

2.4 



^ j 





A Study of tlio poreenliij^es lioro given will show that the green 
viiH's eonlain more water, less x>roteiii oriiitrogenous, muscle-making 
food, and less of the fat-forniing crude libers, fats, and nitrogen-free 
extracts than eilUor the green alfalfa or red clover. The air-dry hay, 
however, contains more i)rolein than citlier of the others, less fiber, 
inovi^ nitrogen-free extracts than the red clover, and more fat than tlie 
alfjilfa. As is the case with leguminous forage idants in general, a 
ration of cowpoas, to be well balanced, requires the addition of some 
coers(‘ fodd(M', such as corn stover, sorghum, timothy, llornuida, or 
prairie hay, olluoavise a x>ortion of the protein will be wasted. 

It has been found that, as a rule, it d<K'S not i)ay to use high-grade 
(Hunmoreial f(‘rtili/ors on eowpeas; this, however, dexxuids a good 
deal on the soil and on Avhal. crop is to follow this gn^eii mainirial one. 
It is usually uiiproiitablo to fertilize with expensive nitrr)gen, in the 
form eblier of nitrate of soda or of guano, and ('V(ni Iho organic 
nitrogen of cotton-seed meal does not act u])on this crop as rapidly 
as upon cotton and the con'als. The nitrogen of the fertilizers seems 
not to influence the ])ercerjtago of i>rotein in theiauq), and the general 
opinion of agriculturists in the South is that it does not cause a 
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snfflcient increase in yield of vines to pay the cost. At the Delaware 
Station 160 pounds of muriate of potash per acre doubled the yield of 
vines, and superphosphate produced no effect. At the Georgia Station 
combinations of superphosphate and potasli gave the best results, but 
later experiments there indicated that large amounts of potash are 
unprofitable, and that superphosphate at the rate of from 200 to 400 
pounds per acre gave better results. Sui)erpho8phates are very much 
preferable to untreated rock i)ho3phate. The latter can bo sold at 
much lower rates, and it remains to be seen whether it would not be 
a profitable method to apply the soft phosidiate to the cowpoas for the 
benefit of the succeeding crop in the rotation, for it has been found 
that the insoluble pho.sphorie acid of the untreated rock becomes 
changed to forms available as i)lant food in the presence of large 
amounts of decaying vegetable matter in the soil. If it is found that 
this process can be relied upon, then the cowpea will have another 
valuable quality added to it, namely, that of being able to change 
into high-grade and more costly superj)hosphato the low-grade and 
cheap but unavailable phosphoric acid of the untreated rock. 

The chief functions of this crop, then, are to furnish large* amounts 
of nitrogen abstracted from the air and fixed in the roots and stubble 
in a conveniently available form for the use of succeeding croi)s; sec- 
ond, to produce a large yield of vines and peas rich in digestible pro- 
tein, which, either as hay or for .soiling purposes, will take the idace of 
concentrated nitrogenous foods; and, third, to supjjly Iiumus, which 
acts directly and indirectly to produce fertility by ])reaking down and 
rendering available the basic minerals of the soil. The fertilizing 
value of the nitrogen in the vines is entirely dissipated or greatly di- 
minished by weathering when they are left on the surface of the field 
during the winter. Hence, to secure the full value, the cowpoas should 
be fed and the stable manure returned to the field. If the vines are 
plowed under in autumn, a winter forage crop, such as winter oats, 
crimson clover, rye, or vetches, should bo planted to prevent the 
leaching and washing action of the winter rains. 



THE IMPROVEMENT OF OUR NATIVE FRUITS. 


By L. H. Bailey, 

Professor of Horticulture at Cornell University andllortimliurist of ilieNcw York 
(Cornell) Experhnent Station, 

INTRODUCTION. 

It is a i)opular subject, tliis evolution and amelioration of our native 
fruits. Everyone is convinced that there is promise in these fruits, 
and writers are always demanding that some i)erson otlier than them- 
selves shall take up the imi)rovement of them. Now, tlio chief reason 
for supposing that these fruits should be domesticated seems to bo the 
most obvious fact that they have merit in themselves; and yet, para- 
doxical as it may bo, this is not sufficient reason to recommend their 
amelioration. It is not the thing which is intrijisi(^ally tlie best that 
necessarily deserves the most attention, but the thing which is most 
needed. We shall find our most helpful suggestions from a reflection 
upon what has been accomplished and how it has been done, rather 
than from a mere objective study of the kinds of our wild fruits. It 
is proposed, therefore, to divide this article into two parts: (1) What 
has be(ui done, and (2) what probably should be done. 

WHAT HAS BEKN DONE. 

The most obvious truth that strikes one when ho attempts to make 
a reflective or historical study of the improvement of our native fruits 
is the fact that in nearly every case the amelioration has come from 
the force of circumstances and not from the choice or design of men. 
The colonists, in common with other good people, knew and loved 
wine. The beverage has been a hand to hand (or more truthfully a 
hand to mouth) coinx)auion of the human family from the first. The 
attempt was therefore early and heroically made to grow the Euroiiean 
or wine grape in eastern America; but the attempt failed. In sheer 
distress of failure, the grapi' grower was driven to the use of the native 
grape. How literally true this was the reader may learn by reading 
the history of the grape colony of the Dufours in Kentucky, and then 
in Indiana late in the last century and early in this, and noticing the 
fact that the existence of the colony as such depended upon the suc- 
cess of the Avine. The salvation of the colony was the Alexander, or 
Cape, grape, which, in a most surreptitious Avay, had transferred itself 
from the wild into the plantations Avhich Avere at first designed to grow 
the European varieties; and later on, John Adlum’s famous Catawba, 
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a i>ro(iuct of the Carolina liiglilancls, added tho crowning glory and 
success to the experiment, and thence spread itself along tho Ohio 
and over the Union. At the very time that the Alexander and the 
Catawba were driving out the Old World typos, tho grape growers 
were making a most d(^tcrmined opi>osition to tho native grapes. 
Tho fact is that the native grapes, the types which we now cultivate, 
canio into domestication in spile of us. 

Tlio native plums, of vrliich several hundred lioi’ti cultural varieties 
are now described, came into domestication because the Old World 
plums, with which wo are chiefly familiar in the Northeastern Slcdes, 
will not tlirivo in tho prairie Stales or the South. The cultivated 
native plums had been widely disscmiinated before liorticullural 
annalists discovered the fact; and there is no evidence that tho early 
introducers of them had any susi>icion that they were making history 
when they idanlcd them. These plums were, no doubt, looked upon 
as a makeshift in a new (country, as a fruit wiiich was better than none 
when the good could not bo had. 

The reason why tho native rasi)berrics came into cultivation Avas 
because the European species is tender in onr climate and demands 
too much care and i>etting to make it siu*e(w'd. Tlio native types of 
gooseberries drove out the foreign ones l>ecause the latter were inju- 
riously infested witli the mildew. The native crab apples are n^w 
demanding attention whore the climate is so sevens that tJie cultivated 
apple can not thrive. The wild red mulberry has ])een improved 
b€M\ause the Old World black mulberry is tender, and we have been 
so ignorant of the fact that- we liavo all along sui>X)osc(l that tliese 
natives arc forms of the Old World speci<‘s. Tlio Cliih^aii slrawbciay — 
the foundation stock of our comm<*rcial va riot ios — brought itself into 
domestication while men were Inuit ujion impressing tlic Virginian 
berry into service, and many of our writers still insist on calling tlio 
common garden strawberries descendants of the latter species, so 
ignorant arc they of the true course of tlie evolution. 

The obverse of this i>icturo is likewise inst.ructive in showing Iiotv 
difficult it is to introduce and to improve fruits wlii(di are not forced 
upon us. h\)r a century or more the native nuts have attracted the 
attention of econoinic Avrilcrs. Their merits for food liave Ix^en 
praised without stint for years and years. Witiiin the last Iw^clve 
months two nut-culture books have been wuil-ten. Yet, they have 
made very little i;)rogress toward amelioration. The simjile reason is 
that we have not been i)rcssed by any necessity to grow them. None 
of the nuts are staple articles of food among tho peoples who have 
chiefly settled the United States. Tliey are essentially subsidiary and 
incidental features in our lives. So, while we all like hickory nuts 
and W’^alnuts, we are nevertheless not impelled by any overmastering 
necessity to gather the trees into the garden or the orchard. We asso- 
ciate them more with the w^oods and Iho landscape and the outings 
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than we do witli the kitchen and the larder. They have no conspicu- 
ous places in our heritage of custom and association, as the apples 
and grapes and berries have. 

Much the same observation could be made respecting the native 
huckleberries, fruits which have been recommended time and again 
as proper subjecits for amelioration, and yet practically nothing has 
been done toward tlieir imiirovcment. The cliicf reason of this neg- 
lect seems to bo that the impei^ativo needs which the hucldolnuTios 
may bo supposed to satisfy are already supplied in large measure by 
otlicr berry-like fruits. 

'’riicre are apparent exceptions to all this in the cranberry and 
blackberry, for neither of these fruits has ever before been an imj)or- 
tant food for the human race. Yet, the very abundance of these fruits 
and tlieir adaptability to the common needs of life forced them on 
the attention of the settler and colonist. It was but natural that, 
as tlio wild areas became constricted, atleinjits should bo made to 
grow the plants. 

The minor small fruits wliich have recentl}" come into notice from 
the AYest liavo been (chiefly impressed into domestication because of 
the comparative scarcity of domestic fruits in the regions whence they 
come. Some of these are the buffalo berry, the dwarf juuebcrry, 
the Crandall curi*ant/ typo, and the dwarf cherries and idums. 

AVliilo the fact has been that the reigning types of improved native 
fruits h«‘ive come into cull ivation largely as a result of the force of con- 
ditions rather than as a direct or designed choice on the part of man, 
it novertholcss docs not follow that an intelligent choice of siiocies 
has not played an important iiart in the evolution, and that it may 
not count for still more in the years to come. Yet, the student should 
bear in mind the fact that all the most needful types of native fruits 
have now been impressed into cultivation, and that those which yet 
remain in an almost wholly unimproved condition, as many of the nuts, 
the elderberries, tlie Asiiiiina, and others, will come into cultivation, 
if at all, only through tlio expenditure of great effort to make their 
merits and possibilities known. From now on the attemx)t to intro- 
dueo new lypos of native fruits must bo, broadl}^ speaking, a forced 
effort. But if tliis is true, it does not follow that our efforts at amel- 
ioration should cease, but rather that the most promising and most 
useful expenditure of energy is to be found in still further improving 
the sx)ocies which are already thoroughly established in cultivation. 
None of these types are yet, and in fact never will bo, brought to 
that condition when they maybe said to bo good enough; and this 
conclusion, while apparently the only logical one, is one which does 
not seem to have been reached by writers upon llie improvemout of 
our native fruits. The tendency of our WTiiers has always been, 
unfortunately, to urge the imi)ortanco of undeveloped species, forget- 
ting that the really important things are the ones which Ave already 
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have, and all of which are far from perfect. The whole question, 
then, is simply that of the best methods of improving fruits in gen- 
eral without respect to their nativity. 

Ifaving now seen that new types of plants are impressed into cul- 
tivation largely because they are needed, and in an undesigned or 
almost fortuitous way, let us ask hov/ these particular domestic fruits 
which are native to North America have been ameliorated. The 
process has been a most simple one: Attractive varieties, or forms, 
have been found, and men have transferred them to the garden. 
This, in essence, has been the method of the amelioration of most 
domestic plants. It is first the discovery of a good form, and then 
the perpetuation of it. What has been called iilant breeding is mostly 
discovery, or, in other words, so far r^s the cultivator is concerned, it 
is accident. In one place, an attractive wild blackberry is found. 
The bush is taken to the garden, and it is called, after the name of 
the town, the Dorchester. In another x>laco, another form is discov- 
ered, and this, when transplanted, becomes known as the Lawton or 
New Rochelle. Another form is found uiion the prairie and is called 
Western Triumj)]!. Now and then oue comes up about an old plan- 
tation and is similarly cared for; occasionally a man sows seeds and 
I>icks out a good variety from the seedlings; still more rarely a man 
keeps a record of the parentage of the seed he sows; and very, very 
rarely one makes crosses and sows the set^ds therefrom. 

But, while the now varieties are mostly discoveries, it does not 
follow that there is no skill rci)reseiited in novelties. The skill is 
exi)ressed in giving the jdants the very best of care when once they 
have been transferred to the garden, and the force of this domestica- 
tion is likely to express itself in better or more tractable ofrsi)ring in 
each generation. While the tendency towani betterment is constantly 
augmented by the habitual selection of the best new forms, that tend- 
ency could be much more rapidly hastened if, in addition to selecting 
the best seedlings which chance to apiDcar, the operator should also 
select the seeds from the best plants with which to raise the seedlings. 

It is interesting to recall how a few prominent varieties of native 
fruits have originated. The old Alexander, or Cape, graj)e, Avliich first 
introduced a successful viticulture into eastern America, was found 
wild in the woods of Pennsylvania in the last century. The Catawba, 
which is still a pox)ular commercial variety, was found in the woods in 
South Carolina in 1802. There are, no doubt, as good forms of the 
native fox grape in the woods now as there wci'e then, but we have 
now obtained a start in grax)c growing and we are no longer looking to 
the wild for our varieties. The fox grape is known to be widely vari- 
able in its wild state, and the author has this year obtained no less 
than a half dozen types of largo and handsome wild fruits of it, vary- 
ing from deep purple to amber red. The (Uncord was a chance seed- 
ling in a Massachusetts garden, and it is supi)osed to have sprung 
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from a seed of the wild fox grape of the neighborhood. Tbo Worden 
was raised from a seed of the Concord. The Delaware was found in 
the garden of a Frenchman in New Jersey, about fifty years ago, but its 
genesis is wholly unknowm. It is probabl}’’ a product of an accidental 
cross between the European grape which the Frenchman cultivated 
and some variety of native grape. The Brighton is the i)roduct of a 
hand cross made between the Concord and the Diana-IIaiuburg (the 
lailer itself a hybrid) by Jacob Moore, then of Brighton, N. Y. The 
Diana, which w^as a prominent variety for many years, w\as grown from 
a Catawba seed in Milton, Mass. Moore Early was grown from a seed 
of the Concord. The Clinton came up w^hcre a handful of grape seed 
had been sowm at Hamilton College, Clinton, N. Y., and the old vine, 
noAV about 75 years old, is still growing on College Hill. The Nor- 
ton Virginia was found wild in 1835, near Richmond, Ya. The Isa- 
bella Avas brought into the North early in the century. Its origin is 
wliolly unknown and has been the subject of much speculation. The 
botanical evidence shows that it is probably a native form of the 
Southern fox grape. 

All these specific illustrations of the origin of varieties fire fairly 
typical for all native fruits. Most of the foi’ins ai’o random or chance 
discoveries, and they shoAv that the natural tendency toward pro- 
gressive variation in the indigenous fruit species must be great, else 
the domesticated forms could not have reached their i)reseiit state. 
If so much has been done by mere chance, so far astlio liorticulturist 
is concerned, there is certainly reason for believing that the rew^^ards 
of i)lant breeding must some day be great. 

W^HAT PROBAULY SHOULD BE DONE. 

What has been done need not be done over again. That is, the best 
results in the amelioration of any si)ecics are to be expected by w^ork- 
ing Avith the highlj’^ improA^ed forms rather than with the original 
wild stock. The quickest response to the idant breeder is to bo 
expected in those species Avhich arc already most ameliorated, and it 
is in these species, also, that the greatest efforts are needed, because 
they are the species Avhieh have the most useful qualities for man. 
One can not specify how the natWo fruits may bo improved Avithout 
going into the Avholo subject of the amelioration of plants,^ but it may 
be useful to designate some of the things Avhich seem necessary to bo 
done. 

In the first place, wo need more varieties of eveiy native fruit now 
cultivated— of grapes, raspberries, plums, cranberries, and the rcvSt. 
This is because now needs arc alway^s arising and the fruits are being 
grown in neAV regions, and new varieties are needed to adapt the spe- 
cies to these new Avants. Those persons who are looking for the 

*This subject is fully discussed in Plant Breeding, by L. H. Bailey. 
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coming of the perfect all-around variety are behind the time and are 
ooiistantly getting further behind, for it is becoming more and more 
apparent that it is impossible to combine all the varied and contradict- 
ory specific desires of men into one plant form . Thei'e must be a best 
variety for every particular use and locality and soil. The cosmopol- 
itan variety must become more and more I'estricted in range and use- 
fulness as lime goes on and as more refined and specific needs arise. 
People arc always sa 3 ing that wo already have too many varieties, 
and an effort is being made to reduce the number. Even the cxjxiri- 
menlei's in the stations usually" conceive it to bo a part of their duty 
to endeavor to reduce the number of varieties ; but what they are really 
doing, or might bo doing, is determining tlie merits of varieties for 
specific uses. If a given variety does not satisfy the ideal of the 
experimenter, that fact is no proof that it may not satisfy the ideal 
of someone else, or that it may not be a positive acquisition in some 
other place or for some other purpose. We shall ahvays iwod to It^st 
varieties, to bo sure, and the testing must 1>e llie more exact and i)cr- 
sonal the more erifical "svo bec^ome in our demands. It is out of the 
many new varieties that we shall find the ]>articular ones which wo 
ourselves desire. 

In the second place, w’c need a gi*eat(‘r range of variation — moi*e 
divergent and wddelj^ unlike varieties. These can bo had hy soleet- 
ing out of the annually recurring batches of new varieties those which 
are most unlike the existing types, provided, of course, they are wortliy 
to bo perpetuated. But they can l>c most siircl^^ obtained by raising 
seedlings from lli(3 most iiidike l^'pes and hy the crossing of various 
types. 

In the lliird place, w'o need to secure more incidental or minor 
strains of the most popular and cosmopolitan A arieties. The Concord 
grajie, for example, is a most vii*ilc and useful l^'pe, and minor varie- 
ties of it, even if they wore still called Concord, might adapt the 
variety more completely to some particular purpose or locality. In 
many districts, for example, a Concord a week i'arlicr or a week later 
than the standard variety inigJit be more useful than a variety wholly 
new in kind. Tills class of facts is introduced to show that, wdiile w’e 
need more varied types in pur native fruits, we also need to increase 
the iis<‘fubiess of regnant tyi>es by' inducing secondary variations in 
tliom. There are tw'o means of securing these variations. The surest 
moans is to take cuttings or buds from those jiaidicular plants in our 
plantation which most nearly fit our xmrposes. In almost eveiy largo 
Concord vinej ard, for examiile, there arc some vines wdiieli arc earlier 
or later, more or less productive, or otherwise different from the type. 
In many cases the cuttings will perpetuate these differences. The 
second means of securing these iiicidciilal forms is by crossing between 
plants of the same variety. The writer is (jonvinced that this type of 
plant breeding is, in general, quite as useful as that of crossing unlike 
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varieties; and after a wide range of variation lias been secured and 
when men’s ideals have booorno critical through education and 
business competition it will be the more promising field. 

In the fourth place, it should l)o said that the greatest eiiort, should 
be made to preserve or intensify those desirable attributes wliich are 
characteristic of the wild species. Such attributes are likely to be 
more virile and x>erinanont than similar ones wliich originate under 
domestication, because they have been impressed upon the si)ccic.s for 
a longer period of time. The intending plant breeder can save him- 
self much time and slrengtli by throwing his own clforts into lino with 
the direction of evolution of the species rather than against it. He 
can not alYord even to be indifferent to the natural capacities of the 
type. For example, other things being equal, tiic domesticator will 
generally find better results in breeding x>lants for a diy region by 
selecting those tyi>os which naturally grow in such regions. The 
adapting of the grape to limestone soils can no doubt be ]noro qui(*kly 
accomplished by endeavoring to breed up acceidablc varieties from 
T7//.s‘ hn'lanilieriy which thrives in these lands, than by atteiniding 
to overcome flic iironouneed antipathies of the VUis lahrusca types to 
such soils. The first attempt in imi)ressing new fruit sficcies into 
cultivation should be to secure a tyx)o which will thrive in the given 
region; the production of anndiorafed varleti(vs is a secondary and 
usually a much sinqiler matter. The first consideration in breeding 
plums for the dry plains regions, for example, is to secure a type 
Avliich will endure the climate — ^tho long droughts, the severe winters, 
and the hot summers. This fundamoiital dcvsidcratum should be 
look(‘d for in the indigenous ])lums rath(U' than in the domestic tyxies. 
Oiu' of the most xiroinising lim^s of effort in the improving of the 
native fruits is to work Avitli the sx)ccies whicli arc indigenous to the 
locality, if they possess coveted fmitures and if they are naturally 
varia])lc. 

AW this nu*ans, as lias l)C(*u said, tliat there should bo a general 
iiiijirovemont all along the lino in our native fruits, tlie same as there 
should be in any other f mils; and the greatest imxirovcmont is needed 
in those very tyiios which are already most imxiroved. In oilier words, 
wo need more to angmmiL the amelioration of lyi)es already domesti- 
cated tliau to iniroduco wholly now tyx)es, although this latter entcr- 
X)risc is also of the greatest. imx>oi’tau(*e. The now tyi^cs may be 
exxieeted to come into usi' as the demand for them aristas, and tliey 
will come in gi*adiially, and obscurely at first, as tlie otlier types Iiavo. 

Tlie grape, in the estimation of the writer, needs the fii'st and the 
greatest attention. The tyx>es which wo grow are still much inferioj* 
to the Old World tyx^es. Our commercial varieti»‘s, lik<^ the Concord, 
Worden, Catawba, Niagara, Norton Virginia, arc generalized tyi)es, 
and the market is now overrun with geiicral-x^uil)oso grai^es. W o shall 
soon bo driv^en into sxiecializations in graiies, as x>oox)le have in older 
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countries, and special varieties will then be needed. Aside from the 
further improvement of the domesticated native species, wo are now 
being driven, by the settlement of the South and West, to the improve- 
ment of other species, as Vitis lincecumii, Vifis champini, and the 
like. 

The second greatest need is in the development of our native plum 
flora; the third is in the further evolution of the brambles, like the 
raspberries, blackberries, and dewberries; the fourth in the amalga- 
mation of the Western crab apples with the domestic apploSj for the 
plains and the Noi'thwest. Beyond these four emphatic needs, it is 
believed there are none which stand out cl(‘arly and unmistakably above 
all others, although there are a score of native fruit tj’pes which are 
crying out for attention. Among them may bo mentioned the chest- 
nuts, pecans, gooseberries, currants, cranberries, huckleberries, june- 
berries, cherries, mulberries, elderberries, and all the tribes of hickory 
nuts and walnuts. 

The stimulus of the improvement will bo found in the increasing 
demands made by a high civilization, and the actual work of improve- 
ment will bo done by a few patient souls whose love of the work far 
outruns all desire for applause or pecuniary reward. 



T»E SUPERIOR VALUE OF LARGE, HEAVY SEED. 


By Gilbert H. Hicks and John C. Dabnp^y, 

Ansiidant Botanist and Assistant^ Division of Botany, U. S. Depart nu nt of 

Agriculture. 

INTRODUCTION. 

No farm practice yields more beneliciaJ results than the (‘areful and 
intelligeiat selection of himmI for sowin^i:. Tin* planter who raises a 
special crop like tobacco, (M)tton, wheat, or corn usually looks (care- 
fully to the quality of his s(‘(mI, while lh(^ truck farmer is evcui more 
particular in this respect, paying a very high pri<*(* foi* the best obtain- 
able article. Ncvcrthehvss, it is true that in gcmcual pracdice, espe- 
cially in the case of gardmi and forage^ plants, tliere is fiTMjuentl}" very 
slight attention givcui to the real worth of tin* seed us(h 1 for plant- 
ings and not infrcciinuitly the grower sells Ids marketable alfalfa or 
clover seed, for instan(*e, and rcserv(‘s tlie nunainder, (MUisisting ])os- 
sibly of sereeidngs, bn* his onn us(*. The folly of such a proceeding 
can not toe too strongly condemned. W<‘ak or oth(‘rwis(‘ inferior seed, 
if it comes up at all, often gives rise to S[)orts and n<‘w vari(*ti(\s, and 
so far may lie valuable for (experimental use; only th(‘ very best simhI, 
however, should be (unployed in the production of staph» (‘rops. Any 
other practi(ie is poor (^(ionoiiiy. The graib^s established for clover 
and grass seed, known as “ prime,” choi(*e,” ‘S^xtra prime," etc., take 
into account only its j)urity, that is, its degree^ of frecMlom from (duifT 
and dirt, weed seeds, and otluu* foreign matter. The buyer is assur(‘d 
in the most gen(*ral terms (but not guarantied) that the sccmI he gets 
is *‘pure, reliable, and true to name,” and s(de(*t(Ml (by the seedsman) 
with reasona])le care.” No intimation is givmi, how(‘V(n-, as to the 
proportion which will germinate. It is as.sumed that any deficiency 
in this respect can be ivadily overcome by sowing an extra amount. 
'Jhe still more important iminfs as to the origin, size, and weight of 
the stock are seldom taken into account. 

Another serious drawback to the selection of good seed is the com- 
mon practice of waiting until about time for sowing befoin^ buying. 
It is thm too late to as(*ertain its origin and hLstory or to test its vital- 
ity, even if the planter had a desire to do so. If the cultivator would 
seemm the best possible results from his labor, the seed should be bought 
by sample in the fall or winter before planting. First of all, it should 
be examined for purity, and then a simple home germinatiiig test 
sbpuld be conducted. If the sample is pure and of good gm-minating 
capacity, the purchase may be completed, after which a careful sorting 
shanM be made preparatory to planting in the spring. 

12 AOO 20 
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PRINCIPLES GOVERNING SEED SEI.EOTION. 

Tli(^ principles governing seed selection depend largely upon the 
kind of seed and ilie object of the crop, whether size, quality, or earli- 
ness of the latter is most desired. It also makes some diffetenoe 
whether the plants are to be grown for forage or seed. Certain cli- 
mates, soils, and fertilizers tend to seed production rather than to 
vegetative develoi)ment, and a plant may be cultivated and selected 
for its se('d-i)roducing <*apacity until a strain of seed is obtaine<l which 
tends to yield j)lantH j)osst»ssing similar seed ferti lity. If quality rather 
than (quantity of crop be tlu^ object, the selection of sec^d must follow 
a certain line in order 1o se<*ure plants of the desired characteristics. 

See<l may be selected a(*cording to its origin, color, form (consider- 
ing especially whether it is plum]) or wrinkled), size, and weight, it 
being taken foi* granted that the selection shall be made only from 
sound, pure, ami germinable stock. It is thought, by some that the 
value of s(‘ed varies in c<‘rtain cases a(*cording to tli<i ])art of the plant 
or fruit from which it comes. An experiment made in (icorgia with 
(‘ott.on showed that the bottom bolls ])rodu(*ed seed which gave a 
heavier yield than that from the u])per l)olls, the yield in the former 
case amounting to poumls of seed cotton jM‘r acr(‘ as compared 
with a yhdd of 750 ])oumls in the latter. This was undoubtedly due 
to th(* fact that 11i(‘ lower bolls contaiiuMl larger ami heavier seed, 
rather than l)<H*aus(‘ lh(‘ seed (‘aine from a (*ertaiii part, of the plant. 
Many trials have iKicii made of corn select(‘d from th<^ ti])s and butts 
of tli(‘ ears. Somet iimss one ami somet imes t he otluM* kind of kernels 
giv(* tlui best (*ro]). It is (juite likely tlmt this variation results from 
the ditferom‘c> in size ami wcught of the dilTiMHuit kcumels taken from the 
same (*ar. In the (*us(‘ of the parshy, carrot, ])arsni}), and other um- 
bcllif(‘i‘ous i)lants, it is commonly sui)])osed tliat Iluj centml stalk 
produces the best st‘e<ls. This may be due to t he fact, tliat such seeds 
arc fr<M]Ucntly larger ami lieavier than thosi* from the lateral shoots. 

Th(^ <iegi'(»c of maturity of seed when harvested is au important 
factor in determining its value. Maii^' experiments liave l)een made 
with immature se<‘d, lesulting in tlie eouclusioii that such seed pro- 
ducers as a g(*m*ral thing smaller ami less vigorous ]>lantH. Professor 
(:rotf, of Wiseoiisin, has shown that by tlu^ use of immature tomato 
seed there is also a ttuideney to imu-eased earliuess in tlie maturity of 
the fruit. l>y means of c.ontinued seed selection, plants may be so 
developed as to sliow a eertain flavor, cai)abiUty of resisting disease, 
general hardiness, earliness, superior content of sugar, oil, starch, 
gluten, etc. 

METH()J)S OF SELBCTIN(J SEED. 

The manner of selecting seed varies somewhat with its shape, weight, 
and size. If heav}^ seed is desired, a salt solution may be used, of such 
density that only seeds of a desired weight will sink to the bottom, 
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whiter nB the lighter seed and undesirable matter can be skimmed 
off and rejected. This method is open to several objections, among 
tlt^eta being the fact that the heavy seeds do not always sink, owing 
to babbles of air which surround them or to the flat surface which 
sbine species present. This, however, may be obviated to a slight 
extent by previously boiling the water of which the solut ion is made. 
Furthermore, unless dried promptly or sown at once, such seinls may 
loiBWS some of their vitality. A better way to obtain heavy seed is 
by making use of the lauitrifugal principle, applied by running the 
seed through some kind of apparatus whicli throws tln^ heavier seed 
to a c^msiderable distance, while the light<n* seed and chaff drop near 
the machine. By the use of a current, of air the same separation may 
be secured, in this case the lightest material being blown away. The 
common method of selecting large seeds is by the use of sieves, either 
by hand or placed in any common fanning mill.^ 

The principal object in using the ordinary fanning mills is elimina- 
tion of chaff and other foreign matter, although some of the lightest, 
seed is blown out liy the fans. ItAvould pay the farmer winm he is 
cleaning up seed for planting to work his s(H‘d-cleaning machines in 
such a manner as to blow or scn^en out a great d(*al of the light and 
small seed, retaining only tln^ largest and heaviest for planting. 

Seeds are soimdimes cleaiusl and sorted by running them through 
a thin metal cylinder placcnl in a slightly inclin(‘d imsition. Thisc^d- 
indcr is i>rovided with a stM’ies of holes of diflerent shapes and sizes, 
which allow certain s<hmIs to drop through at c(*rtain ])oints. .Machines 
embodying this i)riiuuple are usc‘d considerably in Euroi)e and to a 
small extent in this count ry. 

The fact needs emphasis, however, that no system of seed seh‘(‘tion 
by mechanical means alone is adequate, altliough such selection, if 
properly practiced by tlu‘ agriculturist, would invariably bring him a 
decided gain in the size or quality of liis crop. Thorough selection 
must begin with tln^ i)lanl. ilstdf. Only those plants should Ix^ <*hosen 
for seed purpos(\s whi<di come the nearest to tin' tyjx' wliicdi is to be 
reproduced. Such plants are to lx* harvc'sted and kept by themselves. 
After their seed is thrashed and cleaiuMl, another and rigid selection, 
based upon size and weight., should b(' made'!. 

DBSIKAHILITY OF KNOWING THE OUKHN OF SEED, 

In the choice of seed the place of its production should rt'ccdve v"(*ry 
c^if*eful consideration. Much of the failure to secuiH^ a desired ciop 
of vegetables or forage plants is due to the fac^t. that, the buyeu- of 
such seed usually lias no information whatever as to its origin. The 
soil and climate where it was produced may hav<' been ^'e^y different 

Yearbook of the U. H. Department of Agricnltnre, tSJ)4, pp. 40(^407, for brief 
dBseription, with figures, of different kinds of screens in use. 
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from liis own, and the seed be totally unfit for use on this accoant JL 
great deal of controversy has arisen from time to time over the all^tged 
superiority of Northern-grown seed, and many dealers make a great 
point out of the statement that their seed is Northern grown. Thie 
is not a question of section alone, nor is it true that Northern-grown 
seed is always sui)erior to that raised in other latitudes. As is well 
known, certain plants thrive better in one locality than in another. 
Plants adapted to Northern climates or high latitudes where the sea- 
sons are short mature more qui(‘kly than if grown under different 
conditions, and Inmce yield a strain of seed which in time tends to 
produce quickly maturing planl-s. IFowever, such seed frecpiently 
‘‘runs out” quickly when planted in a dilferent climate and gives 
rise to very diffei-ent strains f rom the original slock ; hence, aoonatant 
renewal is necessary to maintain the type desired. In many eases 
by a system of careful cultivation and selection a desired strain 
may be secured and thoroughly acclimated, so that tlui introduction 
of outsider sto(*k becomes unnecessary. The fact that many kinds of 
imported seed do not produce as good crops as home-grown seed 
of the same variety is to some extent due to a difi‘tu*enc«^ of climate. 
The imported seed, while ])erhaps cheaper in the tirsti instance, owing 
to the less cost of production, nuiy much dearer in tlie long run, 
since it is seldom so i)ure as American-gi*ow'n S(hhI, and frequently 
gives rise to noxious plants wdiich the buyer neither desires nor 
pays for. 

Soil, as well as climate, impress(‘s seed wuth a particular character. 
It is not necessarily the most fertile soils which fiu*nish the most pro- 
ductive seeds. If seeds are transferred to a different kind of soil 
from that upon whic^h they were grow n, although the climato l>e thcj 
same, a marked difference in cro[) is frccpiently noted. Experiments 
in growing oats have shown tliat certain vai*ioties raised on a light 
soil were the most pi*oductive if sown on a similar soil, while the same 
varieties of seed if grown on lieavy soil show cd a preferenee for heavy 
soil. These facts indic^atc t Jiat-, in many (*-ascs at. haist, the farmer 
will get th<^ best results from seed w^hieh he has grown himself under 
conditions well known to Iiini. 

The I)cq)art)ment of Agricmltnre frequently receives requests fi'om 
European secHlsmeii for seed of various kinds raiscMl in a pail of the 
United Stales tin*, (*liinatic and soil conditions of which correspond 
most nearly to those of their own localitu^s, thus showing an apprecia- 
tion of the value of a knowledge^, of the origin of solid. Most of our 
own seedsmen show a similar interest in knowing whore their seed 
was grown. IJnforturuitoly, however, this interest prevails at the 
present time among the buyei's of seed only to a very limited extent. 
I'he farmer should secure from the dealer whenever ijossible a state- 
ment of the origin of the seed whiidi is offered for sale. Until such 
requests become much more common than they are now, seedsmen 
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ilSllVi6i>ittinuo to offer seed accompanied by no information save its 
mmm And brief directions for jdanting. 


iSeetl should be selected with reference to its ancestiy as well as to 
this place and conditions under which it was grown, or its individual 
characteristics. Plants, no less than animals, inherit tlie <iiuilities of 



PlO. 74.— •DfWPlopinont of snja Iw^aTi from hoavy and stu'd* Tlio nppor cnrvos roprosont 

plants from lioavy and tho lower thoso from lijjfht 


their forerunners, and this applies to see<l as well as to the ])lant taken 
in its entii*cdy, especially if grown for seed alone, as in tlic case of the 
cereals and some legumes. ITufortunately the aii(*estry of seed can 
rarely be traced by the purchaser. 





Fio. T.i - S<;,ja (heavy with light Heed)' A, idanted Hept<*ml)«r 15, 

photogi’aplK'd October 15, IHIMi, plants iii rt*ar pots from heavy and those in front pots from 
light seed. B, four typical plants photographed at tho close of the expi‘riniont, the two at left 
from heavy and tho two at right from light seed 


MANNER OF CONDIK^TING SEEl>-SET.E(mON EXPERIMENTS. 

The series of experiineiils upon which this ])aper is Imsod were con- 
ducted in a greenhouse by the writers during the winter of 1896-97. 
S(5eds of the following jilants were employed : Garden peas, beans, soja 
beans, luiiry vetch, rye, barley, wheat, and oats, tlie t hree first named 
being principally dealt with iiere. In all cases except that of the haliy 
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V0teb the seed was of known origin, each variety liaving come fi*om a 
single lot grown in one place. We consider this fad. orn^ of the most 
important conditions of the experiment. In many exp(*riments on 
reoord of somewhat similar nature no mention is iiiade, of the origin 
of the seed, which is generally of the ordinary commer(*iHl kind and 
often a mixture of various lots grown under dillenmt conditions. 
The results obtained from such seed can not be relied iij)()n. 

The seed was carefully separated into two lots, on(‘ of hea\y llie 
other of light seed, the individual seeds of cmcdi lot liaving approxi- 
mately the same weight. These seeds were planted in ])ni*(^ sand, and 
the plants were giveji (‘(pial amounts of a cultun^ solution whudi <‘on- 



Fio. from liouvy aii<l lij?ht .sood’ 1, Vu*ia faba, VVoii^lus* A, s mmI s^T 

grram; plant, 11 grains. B. h«m‘i 1, if?*am: plant, li 5^r,inis. JI, Soja In^^pida I’.’Otl Woi«:hts. 

A, Hec^d, .KW gram, plant, 1 5 grams H. .s<‘i*d, .irin gram, ]>lant, 7 gram 

tained all the ne<t(‘ssary elements of plant food. They wen* kept from 
first to last under identi<tally similar conditions so far as possible, 
measurements and photographs lieing made from tiiin* to time. At 
the conclusion of each experiment typical plants from each lot W(‘n* 
photographed, carefully taken from the soil, weighed, and in(*asiire<l. 

EXPERIMENTS WITH SOJA BEANS OF DIFFERENT WEKUIT. 

The table following shows the eomjuiraiive growth of soja beans 
from heavy and light seed. The seed used in this (v\])eri]nent. was 
raised at the Massacdiusctts Agricultural Kxperiimmt Station. It ^Yas 
planted SeptemlM>r 15, 1890, and harvested December 12 , a growing 
period of eighty-eight days. 
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Devdopment of aoja bean from hemry and light seed. 


(a) FIVE HEAVY SEEDS. 


Number of idant 

1 Weipht.* 

Height 

plant. 

Number 

Lesi|rth 

taproot. 


Seed. 

Root. 

Shoot. 

Plant. 

of 

loaves. 

tor or 
htom. 



C ram ft 

a ram ft. 

(iramn. 

Oram ft. 








(0.7) 

(.3.3) 

(4 0) : 

Mm. 


Mm. 

Mm. 

a.. 


0. 18« 

4.8 

8 0 

13.4 

.T»a 

17 1 

sao 1 

4.0 



( 6) 

(« 7) 

(7.3) 


6.. 



4 0 

0 7 

14 3 

40.") 

ID 

SIM 

4.0 




( 0) 

(3 8) 1 

(4.7) 








1 

1 .5 8 

0 7 

15 5 

407 

28 

215 

4.5 



1 

(.0) 


(3 a) 







aio 

a 8 

7.4 

11.2 

41.5 

24 

.‘302 

35 



11.2) 

(0 0) 

1 .a*. 

1 (7 8) 

10 .. 



.107 

12 1 

10 6 

31 7 ! 

48:i 

20 

108 

n 0 




(4 0) j 

0) 

(27.0) ! 


i 




Total 

1 010 

ai 10 1 

.v».o 

80 1 ! 

li.ooa 

114 1 

1,07:1 

ai.o 



1 

(0 H) j 

(4 0) 

(.3 4) ' 

j 





Avorapo 


0 ' 
1 

11 0 

17 tia ; 

412 4 ! 

1 

ii:i 8 

214. « 

4.2 


(h) FIV^’E LIGHT SEEDS 








- “ 

— 




(0 4 ) 

(2 4) 

(2 8) 





12 

0 077 

:i D 

0 3 

10 2 

201 

15 

352 

51. 0 



( 2) 

(2 0) 

(2 2> 





14 

088 

2.0 

4 8 

0 8 

281 

13 

180 

3.0 



( 2) 

(.8) 

(1 0) 





16 

08,5 

1 2 

i-r. 

.3 7 

157 

11 

105 

2 5 



1 7) 

( 1 0) 

(4 7) 





17 

nT«i 

8 0 

U 7 

ID 7 

34.3 

IS 

375 

4.0 

1 


1 (.4) 

(51 0) 1 

(3 4) 





“ 1 

OHO 

2 7 

0 0 i 

D 0 

5144 

11 

182 

3 0 

1 


1 »1 0) 

(12.2) 1 

, (14 1) 



1 


Total - - . . 1 

412 

17 8 

512 2 ! 

.50 0 

1,5186 

' (W 

1.284 

15 5 



("4) 

(2 44)| 

(2 82) 





Avorapt'. . . . ! 

082 

3. .50 

0 44 j 

10 0 

.27:. 2 

i 1 

13 0 1 

1 1 

256 8 

3 1 


^ The ill ])arfiitlioHOK ar<' air dry, tlio othors frt'sh. 


A referen(*o lalih' sliows that tlio lieavy sochI (lot a) weighed 

over twi<‘e as imu'h as the light (lot ?/), and th(^ resulting plants 
weighed nearly twice as much in the former case as in tlie latter. 

The deveioxmient of the soja beans was retailed for a couple of 
weeks by unavoidable lowering of the temperature in the greenhouse. 
Afterwards the growth was uninterrupted and the plants at all times 
were healthy, although the usual somewhat bushy habit of similar 
plants in the field was not attained. No root tubercles were devel- 
oped, with the exception of a few on No. 12. The experiment was 
closed at a time when the plants were in tlie best condition for for- 
age or green manure, that is, about the time of flowering. It is not 
known, liowever, whether this degree of <liiference would have been 
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in tho open field. Ilellriegel claims that the difference 
between mature plants from largo and small seed is greater in im- 
poverished soil than in that which is richly suy)i)lied with food 
mateiiah The difficulty of ahsolu1el.y controlling the conditions of 



PlO. 77.— Devolopmotit of Extra Early Alaska poas from heavy ami li^rht so<h 1: Tho htars show 
when tho pmls wore ready ft>r tho tahle; the upper eurvo.s ri*prosout plants fr<nn ho.ivy seed 
sad the lower (survos i)lants from light set*d 


plants in the field makes results from such oxp(u*iinoiits somewhat 
uncertain. Although no organized food Avas furuisiHMl to the soja 
beans in this experiment, an abundant amount of all llie eicmeuts 
necessary to plant growth was constantly given tlicm. Tiic plants of 
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eacji lot were treated alike and the results obtained hold 
good for comparison, although the greenhouse conditions werevJ(i,ot #3 
favorable as could have been wished and the total developni«t was 
much smaller than it would have been in the open field, where it is 
believed a greater difference would have been shown in the i^esult 

It has also been stated by Hellriegel that the differences in plants 
grown from large and small (in this case e(]ui valent to heavy and 
light) seed are most apparent in their earlier stages, growing less 
marked towai'd maturity. He further claims that a greater difference 
at maturity is visible in ]>]ants grown in quartz-sand cultures than in 
those grown in garden soil. The curves shown in tig. 74 are of great 
interest as bearing on this point. It will Ix^ noti(*(Ml that, while the 
two plants of eacli lot imuntaiiied an approximately equal growth 
throughout the exi)eriment, during the early seedling stage — ^that is, 
for the first week from the time of i)]anting — tln^ plants from both 
heavy and light set^l show ed nearly t he same degree of dev^elopmeiit. 
From this period the growih of tlie two lots Ix^gan to deviate consid- 
erably, reaching its widc'st <livt‘rgence at th<^ (*los(‘ of the e.xperiment. 
Fig. 75 is taken from idiotograjdis, one made* thirty days from the time 
of planting and the other at tlio <dose of the (^\lxM*iment. In botli 
cases a striking difference is sliow n in the devidopment/ of the plants 
from the two kinds of seed. The difference bet wocii seXMllings of soja 
beans from heavy and light sceel is seen in fig. 7(>, II, whiedi represents 
a typie3al sexHiling from a lot e)f heavy and ane>ther from light socel. 
The differeneo in de^vclo])mont is oepially apparent in roeds, stems, and 
leaves. A study of the individual jdants (s(*e table, p. shows that 
each plant (frosh) in lot was lighten* than any e>f lot o, exe'cpting Ne). 
17. In this e*nso the^ large wedglit is nna<*e*<)nntabl<\ Tlie^ ]>ot in which 
this plant grew provexl tei ])e less ix)re)us and liene*e moi’e* retentive of 
moisture than any of tlie r(‘st, and to this fa(*4 se)me e)f tlm extra vigor 
may have been elue. Plant No. 10, fi’om senno nnkne)wn e*ause, show^cd 
a retareled development from tim first, anel was liglitestat the close of 
the experiment. However, thej extra e]enTde)pment of one plant is 
nearly offset ])y the» weakness of the other, and the^ average result is 
only slightly affcxded, although the diibn'enee in favor of the heavy 
seed would have been mon* marked if these plants had not been 
taken into account. It will be observed that wliilo t he weight of each 
plant is not exaelly i)rop()rtional to tliat of the seed, there is an 
unmistakable average proportion maintained in (considering the total 
of each lot. 

Plants from the heavier seed wore greater not only in weight, but also 
in length, in number of leav(is, and in diameter of stem. Although 
the average root length w^as gj*eater in the soja beans grow'ii from light 
seed, the total root development was much less. The advantage to the 
heavy seed plants in possessing a greater root development is evi- 
dent in the fact that such plants have so many more absorbing organa 
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Up the food elementB of the soil. Anotlier great advan- 
while in the seedling stage, is in tln^ bettor soil grasp 
to such plants, giving them a firmer hold at a period when 
the wilid Of other unfavorable eireumstance is most likely to uproot 
them cRr lay bare their roots. The greater stem diameter is correlated 
with a larger number of tubes (vascular bundles) for pumping up the 
nourishment to various portions of the plant. The larger leaf sur- 
face secures greater t ranspiration and consequently a more rapid food 
supply, as well as a greater capacity for transforming the raw food 
materials into the cjrganized substan<*es necessary for growth. 


EXI^KRFMENT WITH PEAS. 


In selecting heavy peas for s<hh 1 lh(» same advantages were attained 
as in the ease of the soja Ix^an, w ith the, ad<lition of a very important 
factor — increascHl earliness. Tlie seed us(‘d in this experiment was 
grown on the Department grounds, under conditions of soil as nearly 
identical as possibh\ Th<^ following tabic givers tlu^ result of the 
exi^eriment : • 


Developnitmt of Krtra Karlif Alnaku peas from Ju avtj and fujht need, 
ia) Forii UKAVY SEEDS 


Weight. 


Numbor 

. - 




'T 1 

of plant. 

*6 




! ' 



8 


*5 

'O 0 1 

i; i 5 ' 


a 

1 ^ 

CT- 

X 


35 

0.250 

3.2 

i 1 0 

0 4tM» 

, 1 

1 j 

3fi 

.253 

12 5 

1 0 

.THTi 

1 777 ' 5 mi 1 

27 

.274 

2 2 

1 3 

:i!X) 

1 72;i , 5 rd3 I 

29 

.264 

1.2 

1 1 

358 

1 677 ' 4 

Total-. 

l.(Hl 

» i 

4 4 

1.5W 

6 58fJ 21 <185 

Aver- ' 






ago,- 

.260 

2 27 

1 1 


jl <V4r» 1 5 421 


Length 


Size of pods 
( eomlmied ) 

1 


o 



u 




1 u 

u 




5. * 

s| 

i 

« 1 

"Si) I 


d 

a 

! ^ A 

ill 


0) 0 
s| 




g 



! 

!3 



7. 


i 

PQ 

A 

H 



5 


770 

12 

1 

107 i 

28 

18 

1 2 

fi 

3 0 

2f)0 

890 

i 

I3*J 1 

41 

»>»> 

1 

1 » 

3 0 

280 

tnio 

i 

H»8 j 

28 

18 


9 

3 0 

2<,<(» 

900 

12 1 

132 1 

37 

23 

1 3 

9 

3.0 

.105 

3,550 

r 48 

48:i ! 

134 

81 



12 0 

291 

887 

12 

120 ; 

3.3 

20 

|2.5 

8 2 

3.0 


FOUR EIGHT SEEDS 


:i2,- 

0, 102 

0.8 

0 0 

0 205 

1.07.5 

2 t)80 


005 i n 

fXt 

20 i U 


34 

.108 

r. 

, .5 

189 

.889 

2 078 

255 

.520 i 11 

88 

2<1 13 


JU 

.102 

1 0 

.6 

.182 

.735 

2. .517 

178 

0(J2 ! 11 

84 

.2.5 14 

o 

36 

.103 

8 

5 

184 

.91.5 

2 JfiK) 

290 

748 1 11 

85 

1 ■ ■ ■ 1 

24 13 

e 

Total -- 

.416 

Yf 


.TtVO 

3.014 

9 074 

945 

2.481 4t 1 

j 

351 i 

101 i ,54 ' 

1 8 

Av©^- 



1 

1 1 





1 


1 1 


age.. 

.108 

. 77 


.190 


2 418 

230 

020 ; n ] 

88 

25 j 13 5 ' 

o 


O Tj 

;j 0 

« r» 




Kotb. — T be weights arti- air dry in grains ; the measurements m Dullimetcrs. Five seeds were 
usad in each lot, but the flowers of the fifth plant of lot o- were not f('rtil«^: heiicts tins plant i» 
not used in the table. On© plant was rejected from lot h to make tht' results eomparablo. 


As will be seen by referring to the table, the peas from the iieavier 
seed made a better growth in every way than those from the light 
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seed. The seed used in lot a was two and one-half times 
that in lot 6, while the air-dry plants from the heavy seed weighed 
two and one-fifth times as much as those from the light seed. TOiias, 
it is seen that nearly th<^ same ratio of difference obtains in ^the total 
crop as in the seed used for planting. The flowers in lot a hegan^to 
blossom four days earlier, on the average, than the others, and pro- 
duced the first marketable peas four days earlier. (See ftg. Hi) As 



PlO. 7M. — ^Peas, Extra Early Alaska, from heavy and light .seed : 
Plants at the loft aro from heavy and those at the right from 


a crop, the pods on 
plants raised from 
lai‘g<' seed were ready 
for table use from five 
to six days earlier than 
thos(' on the plants 
producM'd from small 
secid . This advantage 
held good for all the 
plants in the experi- 
ment. 

The ability to ®aar- 
k(‘t a crop of ijeasfrom 
four t-o six days earlier 
than otherwise possi- 
ble y merely selecting 
the heavier seed for 
planting would be of 
V eiy great value to th(‘ 
tniek gardener and 
w^ould involve a gain 
throughout the coun- 
try of thousands of 
dollars for those en- 
gag(?d ill this industry, 
N t) one (juality is more 
sought by the triKjkm* 
than earlinoss, and 
from a financial point 
of view this is the 
most valuable eharac- 


light seed. 


toristili attainable in 


the production of many kinds of vegetaliles. A difference of six 
days in the maturing of peas is almost equivalent, to a difference of 
100 miles of latitude. AVliile it is true that as great a difference in 
earliness might not always obtain in general practice, the experiment's 
conducted show conclusively that similar selection of heavy seed peas 
is worthy of the attention of truck gardeners, and esiiecially of seeds- 
men wdio are desirous of originating oxtra-earl}" varieties. 



VALUE OP LARGE, HEAVY SEED. 51/ 

heavier peas, liowever, resulted in an increase 
of m in earliness. (See table, on page IU5, and fig. 78.) 

"V^e more bloss<>ins and marketable i)ods on the })lants from 
heavy aaed than on those from light seed. Furthermorii, the* wenght of 
the aifr-dry fruit (pods and i>(*as together) was nearly doubled by the 
use of the larger seeds. An examination of tlu^ soja bean showcid that 
the difference in weiglit in the fresh state Ixd ween plants from heavy 
or light seed was eonsid(*ral)ly greater than when the same vv(?re air- 



An experiment conducted with Extra Early lied \ alentine beans 
illdieated a similar advantage in increasing the earliness by t.ho use of 




318 YEARBOOK OF THE U, S. DEPARTMENT OF AOMC^I^ptB. 

heavy seed. These plants maintained a marked differeiieeilpdbv^i^p- 
ment from the first. Fig. 79, A, represents their oonditi<m 
after the seeds were planted. Every plant excepting one 
heavy seed showed a marked increase in size over the plants from 
light seed at the time this photograph was taken. This difference was 
maintained until the close of the experiment. (See fig. 79, B.) The 
difference in vigor was shown also in the greater diameter of theitteins, 
which averaged fivc^-tenths of a millimeter more in each plant in k)t 
a than in those in lot h. 

We are aware tliat t hein^ is a common belief that weak seeds lend 
to pi'oduce earlier fruit ing i)lants l imn seeds whicli are more vigorous, 
but our experiments gave decisive indieations that the contrary is 
true, at least in some emses. 



Fig 8(J— llfHjt development <»!’ i)lant.s grown from hett\ v and light »oed- I, beans, Eiitra Early 
Rod Valentino; H, ))«as, Extia Karly Ala.sku The 1 wo roots at the right in oa<*h raw are from 
heavy and tho two at the loft in oaeh e.'im* are from light seed. 


ROOT DEVELOPMENT OF PLANTS FROM HEAVY AND LlQMTA||ffD. 

’jwi 

The increase in tlie I'oot develoimieiit of })lant8 resulting fi^i the 
use of heavy seed is well iudi(*ated in fig. 80, 1, which shows the fresh 
roots of four tyxiical plants of thr^ lied Valentine beans used in the 
experiment discussed above. The weights were as follows: Fresh 
roots of plants from large seed, 9 and 17.7 grams, respectively; of 
plants from small seed, 4.1 and 4.5 grams, respectively. 

Not only in weight, but also in length and number, were the roots 
from heavy seed greater than those from light seed. Neither lengtli 
nor number of the main roots is of as great importance, however, 
as the total weight, whi<di indicates not only a greater individual 
diameter, but also — and this is of mucli more significance — a vastly 
larger number of little rootlets and root liairs for absorbing food f3tmi 



Fi<i. 81.— Early dovelopim^iit of l)Jirl«*y from luaivy and lig'lit sood: Barley, Salzor's, liXKKl 
Planted Soptwnboi* 18*.Mi, photoj^i'upliod OetolH'r 14, Seedlmys weighed as follows: A, 

.'111.5 grams; 1)15 graniH; grani*^; D, 311 grams Fifty s^hmIm \\M»re plaiiiod in eueh lot, 

weighing as follows: A, 3. ’*33 grams; B, 3.1445 gnuiis: 1 48(1 grams. 1>, .i>r»7 gram Typical 

Heeds from eaeh lot are shown natural size. 


opmentof roots grown in tlio same soil and under other similar eon- 
ditioiis can not alone be taken as the imiex of a plant’s vigor, but it 
goes a long Wiiy in this direction. 
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The roots of the peas were not weighed fresh, bat when air dried 
those from the heavy seed averaged 2. 27 grams to 0. 77 gram in the ease 
of those from the liglit seed, the seeds averagii^g 0.260 gram in the 
former ease and 0.103 in the latter. (See table, on page 315.) In 



Fia. 83. — Early dovolopnuiiit nf radisli from lunivy as companMl with seed: Radixh, Early 
Lou{? St*arU*t, Ihi'Ki. Phiut<Ml ()<*tol><*r 10, pli<ito^ruplnMl NovoinliOr 5, 1898. Plfty-eiffht 
wiodliiiKH t)f «u(*h hit woij?ln*(l NovomlK'r 9, as iolhiw.s. A, 49 5 i^rams: B, 31.5 g^ranis. Tyidcal 
soods are shown natural sizo; A, 1(X) woijflu‘d 1.770 grams; B, JiX) wuighod l.(K17 grams 


Other words, tlie seeds of lot (( were two and live-tenths and the roots 
of lot <t two and nine-tenths as lioavy as tlui eorrespoiiding seeds and 
roots from lot b. This dillerenee is strikingly shown in the iwts of 
four typical plants i'opresenled in fi^. 80, II. 



Firt. 83.- Early drvoloiiment of kafir forn from h<*uvy and light swed: Bed kaflr ccMrn^ 1170*. 
Planted October 18, ISiM), photographed Novomlier 30, IWMi Forty H(»ven seedlings of «?ach lot 
weighed as follows: A, 23 grams; B, 13 grams. Ono hundred seeds were planted in each lot, 
weighing as follows: A, 3.5198 grams; B, 1.741 grams. 


RELATION OF HEAVY SEED TO THE EA HLY STA(4ES OF PLANT GROWTH. 

Planters frequently experiemte difficulty in obtaining a good stand 
of grain and other crops. Sometimes the seed comes up very unevenly, 
either leaving certain portions of the field bare or producing plahts of 
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unequal height and vigor. The weaker plants, if they grow to ma- 
txirity, produce a smaller crop of forage and fruit than those which 
had an early and better start. Furthermore, the value of the crop is 
greatly lessened owing to the larger proportion of light seeds and 
screenings which are rejected when it is offered for sale. Frequently 
the extra labor and expense of harvesting i)ortions of the crop at dif- 
ferent times are made necessary. 

A still more serious drawback results from the fact that many weak 
plants perish in the seedling stage. If any of the seeds are lacking 
in vigor, oven though they germinate, a sudden change in tem- 
perature, or a prolonged drought, or a slight fi*ost is apt to destroy the 
plants while in their young and tender condition. 

Insufficient attention has been jiaid to the fact that different seeds, 
even of the same variety and lot, possess an unequal vigor, wdiich shows 
itself in the plants produced. It should therefore be the aim of the 
planter to so select his seed that both vigor and uniformity may be 
secured. 

In order to compare the gerniinative power add stand of plants 
grown from heavy and light seed, a scries of experiments was con- 
ducted ill the greenhouse, in well-drained shallow lioxes (greenhouse 
“flats”) filled with sand, cleaned and sifted. The seeds were first 
sorted by means of sieves into different sizes and then counted out 
in lots of 50 to 100, only sound seeds being taken. They were 
next weighed, photographed (natural size), and planted, both the 
heavy and light seed being in the same box. All the seeds of a single 
variety were covered with the same depth of sand and were kept 
under similar conditions throughout the experiment. Equal amounts 
of the same food solution Avere gh^eii them from time to time. A 
record was also kept of the germination. At the close of the experi- 
ment, which ceased before the plants had grown beyond the seedling 
stage, they Avere photographed, then taken out of the sand, cleaned 
and Aveighed while still fresh. Radish, amber cane, red kafir corn, 
barley, sweet pea, Avinter vetch, oats, and rye Avere used in this exper- 
iment. The differences in the comparative size of the seeds and seed- 
lings is illustrated by figs. 81, 82, and 83, taken from i)hotogi*aphs. 
The results of the experiments arc given in the folloAving table : 

Ejcpcrimcjiis with haav;/ and light needs. 


Name of variety. 

No. of 
Heeds in 
each lot. 

Weiprht 
of sooda. 

Number 1 
gormi- 
uatod. 

i Number of 
plants 
weighed in 
each lot. 

Number 
of days of 
experi- 
ment. 

Weight 
of seed- 
lings. 


i 

Grams 




Grains, 

Radish, Early Long Scarlet 

100 

A 1 rro 

A 73 

58 


A 49 5 



B 1 m 

B 84 



B81.5 

Cano, Early Amber 

100 

A 3.411 

A 43 

43 

40 

A 23.5 



B 1.360 

B 48 



B12 0 


12 a9C 21 
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Experiments with heavy and light seeds — Continued. 


N&£ae oi variety. 

No. of 
seeds in 
each lot 

Weight 
of seeds. 

Number 

germi- 

nated. 

Number of 

1 plants 
weighed in 
each lot 

Number 
of days of 
experi- 
ment. 

Weight 
of seed- 
lings. 



1 

(7; 

•a hi ft. 





txmms. 

Kafir Corn, Red 

lOO 

A 


A 

90 

47 


A 

22.0 



B 

1.741 

B 

49 



B 

13.0 

Vetcli, Wixitcr 

50 

A 

4.077 

A 

4S 

i7 

15 

A 

JB.O 



D 

2 099 

B 

47 



B 

18.0 

Sweet Pea, Her Majesty 

5U 

A 

6.099 

A 

40 

41 

26 

A 

58.0 



C 

4 0-15 

C 

47 



C 

41.4 

Bye, University of Minnesota, No. 2. 

50 

A 

1. 105 

A 

45 

45 

20 

A 

34.5 



B 

.745 

B 

45 



13 

20.0 

Oats, White Wonder 

50 

A 

1.298 

A 

no 

i 49 

20 

A 

37.2 



B 

.805 

B 

49 



B 

25.0 

Barley, Saber's 

50 

A 

2 529 

) 

f 

JSqual 

19 

A 

39 5 



B 

2.140 

[Not re-r 

iiumlje 

j 

B 

31.5 



1 c 

1 m 

(corded.] 

of cacdi 

1 

C 

29.0 



i n 

.957 

j 

1 

lot. 

1 

1 

D 

23.0 


Note.— A, hoavy se?<l ar seedlings; B, lightei* than A. C. lighter tlian B ♦ D, light 'r than C 


As will be noticed by a stud^- of this table, there was in f‘very 
instance a marked increase in the wei^j^ht of the seedling from the 
heavier seed which was closcl}' imoportioiiale to the difTorenee between 
the weight of the seed. The exj)eriments wert' loo limited in number 
to w’airant any conclusion concerning the difference, if any, in the 
germinability of the heavy and light seed, (uthcr as to the time the 
sprouts appeared or the number produetMl. In the various experi- 
ments some of the idants were used for other purposes and (*r>uld not 
be weighed. The number of seedlings taken into account in the dif- 
ferent lots of each variety was the same, so that the 3*esults are per- 
fectly comparable. The seedlings from heavy sec^s always vShowed 
more vigor than those from the ligliter seeds, and there seems no 
doubt that this supei’iority would have been maintiiined to a consid- 
erable extent in the field. Of the barley, four different siz(*s and 
weights were taken and a corresponding gradation was note<l in the 
seedlings therefrom. 

Owing to a lack of facilities, those exiicrimouts were not conducted 
on a field scfile, but numerous invest igators botli in this country and 
Europe have found tliat heavy seed wheat, oats, etc., produce heavier 
crops in the field than lighter seed of the same variety sown under 
similar conditions; and there seems no rfKiin for doubts that, in the 
majority of instances at least, the selection of largo or lieavy seed 
will amjily repay the i>lanter for all the extivi time, labor, and money 
expended. 



TREE PLANTING IN WASTE PLACES ON THE FARM. 


By Charles A. Keffer, 

Assistant Chief, Division of Forestry, V. S, Depariment of AgricuUurc. 


GENERAL REMARKS. 

This article is purposely confined to the treatment of limited areas 
of land ratlier than the planting of waste lands in general, because it 
is thought that there are very few farms in tlie United States in which 
such limited areas do not occur, for the planting of which practical 
suggestions may be gi^’cn, while for the larger operations of exten- 
sive wastes — such as dunes, sand lulls, and deforested mountain 
lands — the methods of technical forestry are more applicable. 

In the most favored region the f*arm of which every foot is arable” 
is seldom seen. Even on the richest of prairie farftisthe crests of the 
rolling surface arc apt to become impoverished after j'ears of tillage, 
in spite of the best eiTorts of the farmer, and when the crops fail to 
pay for the labor expended on them the land is as surely “waste” 
as though it were niidraincd swamp or rocky hillside. In the less 
densely populated parts of the country, whore land is cheap, the 
fields are abandoned when this stage is reached. In the East and 
SoiiUi, that is, witliin the forest area, where the entire country Wfis 
once (^over(*d with forest, natural reforestation soon takes place, and 
in a few years tlie old fields are clothed with pines, spruces, and decid- 
uous trees, the varieties being dependent ui)on the adjacent growth. 
Within tliis area tlio farmer can always (*oiitrol the character of the 
forest growths on the waste lands of his farm, eillior by planting or by 
use of the axe, or both, and there is oftentimes great need of good 
judgment in ciittiug out inferior trees or iindesii*able varieties. 

The farm is to bo rcganled as the cai)ital of tlio fai*mer, which is 
invested at its best only when eveiy aero is i)roducing the most valu- 
able crop ill the greatest quantity of which it is capable. Unproduc- 
tive land is as surely “dead stock” as unsalable meichandise, and just 
as the merchant finds a higher rate of jiiofit in some lines of trade 
than in others, so the farmer finds certain fields more profitable than 
others, llotli merchant and farmer are forced at limes by the exigen- 
cies of business to continiio the loss profitable investments, and he is 
most successful who turns them to the greatest possible accjount. 

The thin-soiled ridges of the farm, covered, as tho}' may be, with 
forest, growth, fulfill a threefold purpose: they form a wind-break to 
the adjacent fields, increasing thereby their imoductivencss; they hold 
the drifting snows, and insure their slow melting, thus prolonging the 
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opportunity for absorption of the snow water by the adjacent fields 
of lower elevation; and they prevent late and early frosts by creating 
air currents and controlling their direction. 

Few farmers seem to have realized the great value of a close-planted, 
thick-foliaged grove as a conservator of moisture. The effectiveness 
of a wind-break depends upon its location, density, extent, and 
height. Well-planted groves, set thick at the borders, especially 
with coniferous trees, located on the crests of the ridges in the prairie 
farms of the Mississippi and Missouri vallc5^s, would do much toward 
breaking the force of the winds which blow so constantly, protecting 
the crops on the sheltered slopes and forming protected runw%ays for 
stock in winter. The snows accumulating in such groves are shaded 
from the sun, and long after the adjacent fields are bare the snow is 
slowly melting and the water trickling down over the plowed fields, 
which are thus thoroughly saturated. 

It is not to be supposed that limiied plantations, confined to the 
waste places of the farm, Avould have an ai)i)reeial>le effect on the gen- 
eral climate of a region, for the influences must be great that can 
affect atmosi)hcric conditions over a wide area. Locally, however, 
the planting of hilltoijs and the consequent heightening of elevations 
will often result in the creation of air currents that will i^reverit cold 
air from settling in the lowlands between, thus obviating late spring 
and early autumn frosts, and this protection can be made more eflicient 
if the configuration of the neighboring lands be studied with a view 
to creating the strongest possible draft. 

In regions where tender vegetables and fruits arc largely cultivated 
such protection may be of primary iinijortance, and the clearing of 
adjoining hill crests and slopes will often result in serious disturbance 
of the local climate. 

The great utility of forest plantations in saving snow water to the 
adjacent fields has been mentioned. The su miner rains are also saved 
to the farm by the same means. Following the deep-descending roots 
of the trees, they are retained in the lower strata of the soil and then 
pass to the adjoining lands and are brought within reach of the grow- 
ing jdants. Such plantations are beneficial also in checking evapora- 
tion from the growing crops by breaking the force of the wind. This 
utility is of the utmost importance in the Western States, where there 
are no natural groves except near the rivers. 

Situated on the crests of slopes whose sides, together with the low- 
lands between, ai’o under tillage, a forest plantation has much greater 
value as a wind-break than where the order is reversed, or than on 
level ground. As the winds are in general parallel to the earth’s sur- 
face, any obstruction which turns them upward on a rising slope will 
protect the land beyond such slope. The matter of protecting a crop 
at crucial periods of its development is a vital one in Western farming, 
where it not infrequently occurs that hot south winds sweep over the 
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country while the grain is in the milk or dough stage and completely 
ruin it. Instances of fields protected from such storms by well-grown 
forest plats are not uncommon. Windstorms of great severity are 
also of freciucnt occurrence in the spring, when the young grain is 
literally twisted off at the surface of the ground or the soil is so blown 
away as to expose the roots. It is as a protection against such storms 
that the planting of thin-soiled ridges and fence lines and of the por- 
tion of the section-line highways not needed for the purj^ose of travel 
is urged. 

In general, the climatic conditions of the forested area of the country 
are less extreme than those of the ifiains, but with the record of the 
three recent drought yeai’s the need of moisture conservation is appar- 
ent alike in the East and West. 

While in the West the tliin-soilcd ridges are best devoted to tree 
growth for wind-breaks and snow catches, throughout the Eastern 
and Southern States such localities should be kept in trees for the 
prevention of erosion or gullying, one of the most troublesome results 
of tillage. 

The general action of Ihc elements in uneven or rolling surfaces 
invariably tends to carry the more fertile top mold of the higher 
ground, or at least the decaying vegetation on the surface, to the 
lower levels, wiiich thus relatively increase in fertility at the cxi^ense 
of the elevations above them. In addition to this general tendency 
there have been deimited throughout the Northwestern States, by 
glacial and w^ater action, drift soils containing a great quantity of 
bow lders, Avhich ar(‘. especially thick on the high ridges, making their 
cultivation very exiiensive. In many localities throughout the Mis- 
sissippi Valley the trend of tlio underlying strata of rocks is upward, 
often coming so close to the surface in the ridge lands as to render 
them worthless for cultivation. Along many river and creek vallej^s 
tlio hills w’hicli confine the lowdands rise so abruptly as to make cul- 
ti\'atioii impracticable. These and many other special cases which 
might bo mentioned constitute the waste highlands of farms, all of 
whi(*h should be devoted to forest-tree culture. 

Trees, as lias been seen, can exist and make a iirofitable growth on 
lands too poor to siixqiort farm crops. When planted in the tJiin soil 
of a limestone hill crest, they may make very slow’^ growTh during the 
first few years; but as tlio soil becomes shaded by the tree tops the 
growth becomes more rapid, and wiien the trees have attained a strong 
foothold, their roots penetrating the crevices of the rocks to the w^ator 
below', they grow w ith additional vigor. 

Yet, it is not to bo expected that as vigorous growth can bo secured 
in these high waste places as in the lower, moist, and deep soils. 
Because the white cedar, the cypress, and the tamarack arc found in 
swamps, where the surface of the soil is under w ater more than half 
the year, it does not follow that this is the ideal condition for them; 
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neither must it be thought because scrubby red-cedar trees find a 
lodgment in the limestone outerop of the Kansas River blufi’s that such 
sites are the best for their growth. Such instances only prove the great 
capability of trees to endure adversity, and show that there are few 
waste ifiaces in which they can not grow. 

One has only to recall the general character of the waste places of 
the farm to realize how little can be gained from cropi)ing them. The 
ridge soils arc too thin to support a growth of eoroal crops; the swamp 
soils are too wet for tillage; the cultivation of irregular i^lats of small 
extent becomes too expensive, by reason of the dilFiculties of plow- 
ing, seeding, and luirvesting. Once in trees, these difficulties are 
reduced to a minimum. The thin soils of the ridges arc protected 
from the weather by the tree crowns, and their decaying foliage grad- 
uallj" increases the fertility of the soil. 

Of the ifianting of swamp lands on the farm, little need be said, for 
the reason that such lands, i^ropcrty drained and managed, arc t(X) 
valuable for tillage to be used for tree culture. There is deposited in 
them not only the decayed vegetation by which they have been cov- 
ered for hundreds of 3 ’'ears, but also much of the fertile materials 
which the descending waters have l)rought from the liighcr levels. If, 
however, drainage is impossible, such land is much Ix'itcr covered 
with trees than standing idle. Throughout the irrigated districts of 
the West many places also arc made too wet for tillage by seepage 
from the ditches. Such places, if properly underdrained, may be con- 
tinued in cultivation without especial difficulty, but if for any reason 
drainage can not be accomplished the ‘‘seepage spots'' can ])e i)rofit- 
ably i)lauted to trees. 

The odd corners and fence row.s of American farms nupresent in the 
Rgg*’^^g‘dc a great quantity of unproductive land, which niiglit bo 
planted to trees. Such liuiit-od areas, often composed of but a few 
square rods or ver^- narrow strips, can not be treated as forest, but 
trees must bo growji on them for sp(*cial puiposc^s, in whieli timber 
production will hard!}" be considered. 

Tlio highways throughout the fanning districts of the United States 
may be bordered with trees, which, while giving shade, may 1 k^ used 
as living fence posts, or may become valuable nut orchards, )>ut in 
any event will afford protection, in winter and summer alike, to the 
traveler and to the adjacent fields. In Minnesota, AV^oming, and 
other 'VVesteru fStates the higliwa^’^s are at least 00 feet wide, and often 
a hundred. These traids, sej^arated only by wire feiieos from the 
cultivated fields, are not mendy waste lands, but, for the most part, 
veritable propagating be<ls for noxious weeds, which <;ausc much loss 
to the fanner. Try as ho may, ho can not protect his lands from 
Russian thistle, mustard, and the nninei'ous other wetnl pests so long 
as these broad highwa 3 "S exist as a seeding gi^ound for them. If they 
were planted to trees, with a vigorous undergrowth to protect the 
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surface of the soil, they would not only make any weed growlli impossi- 
ble, but would also be a potent means of preventing the dissemination 
of weeds from one section to another, by arresting them when car- 
ried by the winds. In many of the Western States the farmer is per- 
mitt(id by law thus to plant a i)ortion of the highway with tiees. 

Yet, another form of waste land is to be considered; and here the 
farm(T living within the forest area is much more concerned than the 
prairie dweller. Had the adaptability of soils to tillage bec^n made 
the basis of clearing lands in the early days, there would l)e ](iss talk 
of “thin” soils now, for on many farms lands were cleared which 
should never have been stripped of their first cover. Steep hillsides, 
rocky slopes, highlands with hardly afoot of soil between the surface 
and the underlying rock, have been denuded of their forest cover, and 
their subsequent tillages has been all but profitless to the farmer. 
With constant cropping they have become so impoverished that their 
cult ival ion has been abandoned. Yet, they have still enough fei’tility 
to support a vigorous tree growth. On many New England farms 
such thin lands have been planted to white i^ine with the most encour- 
aging results. In many rocky, drift, eroded, and exhausted hill farms 
there is a depth of soil sufficient for the requirements of all varieties 
of trees, and the farmer within the forest area has thus a wide range of 
choice in the selection of trees. lie may giwv timber for railroad 
ties, for posts, for 1elegrai>h poles, for lumber, and for many other 
purposes, using the species that is best adapted to his need and to his 
locality. 

In the Southern States the loblolly and short-leaf pines can be quite 
as readily grown as the white pine at the North. The loblolly seems 
to consider the abandoncil fields its heritage, for throughout the lower 
Atlantic and (lulf States it quickly covers the old fields with its seed- 
lings, which grow rapidly. 

THE FARM NX USER Y. 

When such species as catalpa, ])ox elder, black locust, green ash, 
white elm, and silver maple c«an bo bought for less than $2 per thou- 
sand for strong one-year old plants, it would seem cheaper to i)urchase 
than to grow from seed. But with land, tools, and teams at hand, a 
forest-tree nursery can be <*iillivatcd at very little expense, and tlio 
farmer, by gathering seed of tlie native trees, and purchasing desira- 
ble seeds not to bo had at home, can grow on a fraction of an acre 
seedlings enough for an extensive i)lanta1ion. 

Of the broad-leafed trees, the silver maples, elms, poplars, cotton- 
wood, aspen, and willows rii>en their seeds before midsummer. These 
should l)e planted as soon as ripe, care being taken not to cover the 
small seeds too deep. They will germinate in a few days, and by 
autumn will be of a size suitable for traiisi)lanling. 

Of the species whose seeds ripen in autumn, those of the tulip, 
eatalpa, honey locust, black locust, and Kentucky coffee tree should 
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be thrashed from their pods when gathered and kept over winter in 
a cool place where they will neither dry out nor mold. Birch seeds 
soon lose their vitality if permitted to dry, and they should be stored 
in close boxes or jars and kept over winter in a cool cellar. When 
the soil is moist in the fall, birch maybe sown before the ground freezes, 
but in the dry soil of the plains the seeds should be kept over winter. 
They must be sown in beds shaded as for conifers, and covered very 
lightly. The seed usually ripens in August in the northern woods, 
and should be gathered at once, separated, and stored until planting 
time. 

The sprouting of the seeds of other broad-leafed trees of the north- 
ern forest flora is hastened by subjecting them to the action of frost. 
This is accomplished either by fall idanting or by mixing the seeds 
with sand and placing them in boxes on the north side of an out- 
building or other protection from the sun, whence they should be 
planted as soon as possible in the spring, or even, when the ground 
is sufficiently thawed out, in late Avinter. The nuts and acorns may 
be simply spread on a well-drained surface and protected from drying 
by a few inches of leaves held doAvn by boards; but they arc more 
subject to the depredations of rodents when thus disposed of. The 
seeds of fruit trees, such as cherry, mulberry, osage orange, wild 
crab apple, and hawthorn, should bo separated from the pulp by 
maceration and washing before storing. Cherry and mulberry seeds 
ripen during the summer, and as the fruit is much relished by birds 
watchfulness is necessary to get them. They may be slightly dried 
after washing, and then mixed with sand. Some seeds, notably those 
of the hawthorns, are apt to lie over two or more years. Germina- 
tion of such refractory seeds is hastened by soaking in water con- 
tinuously for a week or more before iflanting. 

When the soil is moist in the fall, the seeds of all trees which ripen 
after midsummer may be planted, and thus the labor of storing is 
saved. But spring planting is usually more satisfactory, because 
uniform conditions can be better maintained where the seeds have 
been properly stored. The soil is also usually in the best condition 
for receiving the seeds in the spring, and lighter covering is possible. 

The forest-tree nursery should bo placed in deep, moist, Avell-draincd 
loam, and should be thoroughly cultivated. Hand weeding is imi)or- 
tant, for the tinj^ seedlings of many trees are veiy delicate and the more 
vigorous grasses Avill quickly choke them out if left unprotected. 
Where a large nursery is made, frequent use of the harrow^-toothed 
cultivator is most desirable, for it keeps a dust blanket on the sur- 
face of the soil, which prevents excessive evaporation and insures the 
most perfect soil conditions obtainable through culture. Prompt 
attention is a requisite of successful nursery management. 

Seedlings of box elder, silver maple, red maple, catalpa, black 
locust, cottonwood, willow, and mulberry are rampant growers the 
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first season, and their growth inay be checked, to make transplanting 
less difficult, by sowing the seed thick in broad drills. Black wild 
cherry, the elm, the ash, honey locust, black walnut, tiilii), crab 
apple, hackberry, linden, and coffee tree are of moderate growth 
and easily attain transidanting size the first year. The oaks and the 
nut trees generally, hard maple, beech, and hawthorn will usually 
be benefited by remaining two or three years in the nursery. '^Phe 
birches should be transplanted from the seed bed to the nursery i*ow 
the second year, and set in permanent forest the third. 

While the cone-bearing trees are more difficult to manage than the 
broad-leafed species, it will bo found advantageous to the farmer to 
grow his own conifers. Not only are coniferous trees (pines, spruces, 
cedars, larches, etc.) more difficult to transplant, but they are disas- 
trously affected by the drying of their roots, and in the operations of 
commercial nurseries — digging, storing, and packing— as well as in 
transit, there is more or less danger from this cause. Tt will fre- 
quently happen, too, that plants thus injured, unless the injury be 
very severe indeed, will appear in good condition when received, so 
that the purchaser accepting them will be disappointed in his stand 
whatever care ho takes in planting the stock. Even should the cost 
of growing the cone-bearing trees be more than it would cost to i)ur- 
chase them, as will often bo the ease if the time of the grower bo con- 
sidered, the trees will iirove cheai^cr in the end, because favorable 
weather can be chosen for transidanting them: they can bo dug as 
needed, and absolutely protected from drying out during the brief 
interval between digging and ifianting. 

Farmers living adjacent to the i)ineries can easily secure seed by 
gathering the cones just before they burst open and spreading them 
in a thin layer until sufficiently dry to open, when the seed wull fall 
out. The same method is used in securing all seeds save the red 
cedar, the fruit of which is a gummy berry. The berries of the cedar 
should be soaked for several da3"s in waiter, then rubbed together to 
remove as much of the gum as i)ossible, when the}’ ma}' bo planted or 
mixed in sand and keq)! frozen during winter. A bath in weak lyo 
will hasten the cleaning process. The seeds of the remaining conifers 
are kept dry over winter. The}’ can be purchased of leading seeds- 
men throughout the country, and, as a ruh^ come true to name, though 
difficulty regarding the Rocky Mountain species is sometimes experi- 
enced. As seeds los(^ their vitality to a considerable degree the second 
year and to a much greater degree thereafter, it is important to secure 
them fresh. 

A well-drained, preferably sandy, soil should be chosen and the seed 
bed prepared as is usual for cold frames, so that as soon as the seed is 
planted the bed can be shaded. It should bo open to the air on all 
sides, and the seed may be sown broadcast in the bed, or in drills 
a few inches apart. The seed should be covered but little, if any, 
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more than its own depth. Pino, spruce, and Douglas sprue© seed 
usually gorminatos in eighteen to twenty days, red cedar in two to 
six months, and larch in twenty to thirt}" days. Shortly after the 
trees are up, or at any time during tlio first summer, a disease called 
‘ ‘ damping off ” is liable to attack them. This is a fungous growth, and 
results in the decay of the tiny seedlings at the ground. It is often 
very destructive. The only remedy is to sovr clean dry sand among 
the seedlings and withhold w^ater for a few days. This is not alw^ays 
effective, but it vrill usually check the disease. 

The shade for the seed bed is variously made. In the large nurs- 
eries it is usually a shed, roofed and sided with laths, but this would 
bo too expensive for a farm nurseiy. Useful shades are made by 
laying brush across supports or by bunches of rushes or swamp grass 
similarly placed, but of course tliese are more difficult to keep in 
order. Where proi>er attention is paid to venlilation, an inexpensive 
shade can bo made by lacking ehoai) sheeting to a frame to lesl 
upon supports running along the side of the beil. 

It may be advisable sometimes to i)ureliase one or tw'o year old 
seedlings from reliable growers. They should ho planted, in shaded 
beds, about 3 inches apart, in row's G to 12 inches a]^art. It w ill be 
neccssaiy to keep them shaded one to throe yeai*s, ac(‘ording to thoir 
rate of groArth. The ofteiier the cone-bearing trees are transplanted 
before being set permaiKuitlj' the better, as by this process the growth 
of librous roots close to the collar is encouraged. Espet^ial earc must 
be taken in handling conifers to prevent their roots from drying in 
the least, as w'hen<*vcr the roots dry it is almost impossilde to make 
the trees live. The seedlings should bo j^aeked in damp moss at th<‘ 
nursery, and as soon as received the j’oots should be puddled in liquid 
mud and heeled in in a shaded place. The heeling in should Ix^ (*are- 
fully done, the fine soil pressing close ujioii the roots, but not covering 
the tops. In a shaded place the Irees maybe left thus iinlil tli(3 
roots begin growth. In planting it is best to carry the trees in a 
bucket, Avith just enough Avatcr to cover the roots. They should be 
planted firmly and be Avell trami)led, and a little loose soil dusted over 
the tramiiled surface to prevent baking. No tree should be set much 
deeper than it stood before, and this is specially important in trans- 
planting conifers. 

Conifers arc ready for setting in plantations aa'Iioii from tw'o to six 
years old. Larches can usuall}^ be set when two or three years old, 
the pines and cedars Avhen from three to live years, and the spruces 
w^hen from four to six years. 

NOTES ON VARIETIES AND METHODS. 

The Division of Forestry has frequently issued cultural notes on 
the leading economic species of American timber trees, and many of 
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the State horticultural societies, notably those of Kansas, Nebraska, 
Iowa, and Minnesota, have published manuals of forest-tree culture, 
so that detailed information for special regions is not lacking. While 
this is true in a general sense, littlo accurate information of the 
results of planting in waste places is available. In the West, whci'e 
farm plantations havo been attempted most extensively, the site 
chosen for the groves has been determined primarilj^ by convenience, 
and it has seldom happened that the waste places havo been selected. 
In the forest area little planting of any sort has been attempted on 
farms. (^ouse<iiiontly the actual data of the results of waste plantings 
on farms are few. 

Broadly spe^iking, the same rules which are practiced in forest 
planting in general arc applic^ible to the waste i^lantings of farms ; 
these include the Jidaplability of the species to the locality, attention 
to the light requirements of species, and to their rate of growth. 

In ridge or high land idanting it must be remembered that the soil 
is much loss moist in such lo(34itions than in the valleys and lowlands, 
that tlio winds cause increased evaporation, and that droughts are 
especially severe. Trees requiring a generous sujjply of ^vater wdll 
never succeed well in high, thin soils. This is particular!}" true of the 
plains, where not only a liiiiiled rainfall but excessive evaporation 
render (he >vulor sui)ply iniich smaller than it is wdthiii the forest area. 
There can l>o no doubt that couifci'S will prove the most useful trees, 
as a class, for such locations. This is suggested by the natural tree 
covering of the Rocky Mountains, wiiere the cxpo.scHl liighlands are 
clothed with i)in('s, spruces, ami firs to the tree line, w’hilo broad- 
loafed species are found only fringing the streams in the valleys. But 
the farmer who attempts to cover bare ground with a plantation of 
conif(‘rs will find it necessary to replant imrtions during several suc- 
cessive seasons before a good sUind is secured. The reason for this 
is found principally in the difficulty of transplanting and in the light 
requirement of the conifers, wiiich changes niaterially iis the trees 
grow older. Almost all species of conifers are benefited by at least 
partial shade during the first fe^v years of their existence. As they 
advance fi’oiu the seedling to the Siiiding stage, those which are most 
liglit requiring, notably the larches and i)ines, are less tolerant of tho 
shade of their neighbors, and reach up in an effort to spread their 
crowns in tho full sunshine, but it is a well-known fact that the 
wliito pine endures the shade even of such densely foliaged species 
as tho spruces during its infancy. Hence, it would seem best to 
begin tho ridge plantation w ith broad-leafed trees, with tho intention 
of introducing among them, in the course of four or five years, an 
equal number of conifors. 

In the North the bii’ches {Beiula luiea and B. leida) and aspen 
{Fopulus ircmuloide4i) should j)rove useful for mixing wdtli conifers, 
though we do not know of an eximriment of this kind. They are 



332 YEARBOOK OP THE IT. S. DEPARTMENT OP AGRICULTURE. 


light-foliaged species, and while they are ordinarily found near streams 
they have succeeded well in the drj’' prairies of the eastern portion of 
the Dakotas. They are the natural neighbors and nurses of the pines 
and spruces in the Minnesota and Wisconsin woods. The first trees 
to appear on a great ‘‘burn ” (a region where the forest has been killed 
by fire) are quaking aspen and the birches {Betula hifea^ i?. papyriferaj 
and B. lerdct)^ and in their wake, if ever, the conifers appear. 

Thi’oughout the West a mixture of such broad-loafed species as 
box elder, silver maple, black wild cherry, bur oak, white elm, yellow 
birch, and green ash will be found useful in ridge i)lanting, and south 
of the sand-hill region of Nebraska the Russian mulberry, catalpa, 
and black locust may be added. Of these, the species enduring 
the most shade during youth are named fii^st. It will be noticed 
at once that several of these kinds are moisture-loving trees, but 
those here named have been grown in dry situations with a measure 
of success. The box elder and silver maple are short lived where 
grown in the ridge lands of the West, but during their first years 
they grow vigorously, and they will endure long enough to serve as 
nurses for conifers until the latter are established. Black wild cherry, 
while not extensively planted, has been grown successfully in various 
parts of Kansas, Colorado, and South Dakota — localities covering a 
sufficient area to w^arrant its extensive use. It has the further advan- 
tage of being a shade-enduring tree during youth, a point of much 
importance in the West, wdiere comparatively such succeed. It 
endures drought better than box elder or silver maple, being one of 
the hardiest species in this regard. 

White elm, while a species of the greatest hardiness, is less vigorous 
in highlands than cither wild cherry or bur oak, and is principall}’' use- 
ful in plantings on such lands in giving variety. Bur oak has proven 
a most useful si)ccies in highland xdanting. It grows A^ciy slowly dur- 
ing the first few years, making but a few inches increase in height 
each j^ear, and seemingly suppressed by its neighbors, but at the South 
Dakota Experiment Station, in a mixture of bur oak, elm, and box 
elder, the best bur oaks now equal the box elders in height, after eight 
years’ grow^th. At the Kansas Station bur oaks jdanted on high lime- 
stone land, between rows of catalpa and black locust, have not made 
much height growth, being cut off every winter by jack rabbits, but 
vigorous shoots push out each spring, showing sufficient root devel- 
opment in spite of untoward conditions. The black walnut is not 
adapted to highland planting in the West. 

In the use of such varieties as are named above, fully two-thirds of 
the trees should be of the dense-foliago kinds, and tlie remainder 
should be mixed with these so that each of them would be sur- 
rounded by dense shaders. Tliey should be set not more than 4 by 4 
feet apart, not only because they will most quickly shade the ground, 
and thus prevent weed grow- th, when close planted, but because a 
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dense plantation gives best results as a wind-break and as a snow 
catcher. During the first five years more or loss damage is apt to 
result from the breaking of the trees by heavy snows, but this injury 
is seldom permanent, if the broken trees are X)runed promx>tly in the 
spring. It is unnecessary to leave blank spaces for the introduction 
of conifers. By the time the broad-leafed trees shade the ground — 
in from three to five yeai*s — the conifers may bo inserted whore trees 
have failed, and may even be introduced between the rows. It is 
especially desirable that spruces and cedars be set thickly toward 
the margins of the xilantation, as they form thus a i)rotecting wind 
mantle for the more central trees. 

Among the conifers which have been most largely tested in Western 
planting, the European larch, Scotch i)ine, Avhite X)ine, Austrian x)ino, 
Norway spruce, red cedar, arbor vitm, and white spruce are most 
common. Of these, the while lune, Norway spruce, and arbor vita) 
are of little value west of the Missouri lliver, although some fine 
sx>ecimens of all these species can be found in the counties bordering 
that river. Among the Rocky iVEountain conifers that would seem 
especially adapted to the West are tlie bull pine and Douglas spruce. 

The European larch has been extensively idanted in the Mississipi)! 
Valley, and it is esx)ccially useful in the i>lanting of thin-soiled ridges. 
In a plantation on such land at Ridott, 111., the larch is easily the 
best tree, with white pine and Norway spruce following in the order 
named. These sj^ecies were originally idanted in alternate I’ows with 
broad-leafed trees (walnut, ash, etc.), which they comi)letely sup- 
pressed, very few of the latter being alive after twenty-five years. In 
1^95 the larches were thinned out, and made cacli from two to three 
fence posts 7 feet long, many of the butt posts being 10 inches in 
diameter. The remaining conifers stand from 30 to 40 feet high, 
and are from 3 to 8 inches in diameter. They include white pine, 
Scotch pine, Norway siinice, and arbor vita*. The larch is sprawling 
in growth during the first few years, after Avhich a leader is formed 
and the growth is very erect and straight. Tiio sx)ecies is deciduous, 
and the successive crops of leaves during the course of twenty years 
form a mulch so dense as to quite prevent weed growth. In Europe 
the larch is commonly used as a nurse for the i)ines, as the latter do 
not suffer in the slight shade of the larclics, whicli grow more rapidly 
and are thinned out as the pines approach their principal height 
growth. This mixture has also been practiced at Elgin, 111., with the 
most gratifying results. 

In the drier parts of the West the white pine does not succeed, but 
throughout the prairie States it can be successfully grown in ridge 
lands. Beyond the Missouri the Austrian, Scotch, and bull pine will 
be found better adapted to the climate. So, too, the Norway spruce 
is not so useful in the dry region as are the Black Hills white spruce 
and the Douglas spruce. 
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Within the forest area— that is, in the States whore the whole coun- 
try was once covered with forest — different conditions prevail, and a 
much greater propoiiiion of waste land is contained in the farms than 
is found in the prairies and plains. These lands consist largely of 
hillsides so badly washed as to be nntillable and rough fields and 
imstures ill which the impoverished soil will not i:)ro(luce a profita- 
ble crop. Tn the northern regions a large iiart of the hill country is 
made up of drift soils, of a characteristic clay loam, deep, moist, and 
well adapted to many kinds of tree growtii. Farther south the hills 
are composed of granitic rock, which is still in jirocess of disiutegra- 
tioii. Those soils are moist and in every way favorable to tree growth, 
as is indicated by the number of varieties and tlie great development 
of individuals standing in them. 

The rapid-growfing tulip tree, whieli furnishes the poplar timber of 
commerce, succeeds well in the moist hillside soils of the Alleghany 
I'egion, and should prove a valuable species for mixing with the more 
dense-shading forms, such as maples and beech. The slow-growing 
oaks, especially such species as the red {Qiwrcus ruhra)^ black 
(^. relntina), bur {Q. macrocarpa)^ v/hite ((?. alha), and chestnut 
{Q. will aLso prove useful. Of tliesc the black and red oaks 

are much more rapid growers than is usually l>elieved, and all will bo 
found worthy of a place in a mixed planting. Tiio tiilii) poplar and 
the oaks are best introduced si)aringly into farm mixtures, at the rate 
of from 24 to 50 per acre among other forms. They will thus be tlie 
ultimate trees, not interfering seriously with the developiaeut of 
the remaining forms, but reaching their full size when thcHc liavo been 
mostly removed. If ifianted for its limber, the black walnut is best 
managed in this way also, though the walnut is essentially a tiee of 
the valley as comxiared Ayitli hillside locations. TIu^ wliile hickory 
should succeed w'cll on clay hillsides, and when well ostai)lis]ie<l can 
be treated i^rofitably as copx)i(*c. 

Of slow giwvth during youth, the sugar maple (.lar surcharum) 
is a most useful species in soils of this character, both on account of 
its forestal and its economic value. It endures the shade of other 
trees to an unusual degre<', and thus foi*ms a fine second to such rapid 
growers as black locust-, tulix> tree, ete. \Mien these are j‘emov(uI, 
the maple develoi>s more rapidly, and the foundation of a first-class 
sugar orchard may thus be secured. The beech is a neglected t ree in 
America, though one of the most available forms known to the 
European forester. Like the sugar maple, it likes a deep, moist soil, 
and does not succeed in the prairies; but within tlie foi'est area it 
should prove one of the most useful shade-enduring species for hill- 
side planting, especially on northern sloi)cs. 

In all waste planting on Eastern farms the use to bo made of the 
wood crop is a more important consideration than in the West, where 
the incidental value of the plantation is of equal if not greater 
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importance than the resulting crop. In very few localities within the 
forest area is there a sufficient lack of fuel to make planting for this 
object of any importance. Broad-leafed trees, except as tlicy yield 
material for stakes and posts, repairs, etc., are too slow in their 
develoi>ment to make an attractive crop to the farmer, and hence tlie 
larches and pines would seem to be the most promising vanetiesto 
I)lant where a money return is looked for, unless the wastes land is 
especially adapted to the growth of osiers or hiekoiy coppice, or some 
special reason exists for tlie planting of hard .woods. 

When hillside fields are abandoned, they are soon covered with a 
growth of bushes, and seedling trees of many kinds appear. As a 
rule, the natural mixture tliiis spontaneously produced is not of much 
value. IIow can it be improved? Where there is a soil of considera- 
l)lo depth and sufficient moisture, oven though the land be ‘‘worn 
out,” the best oaks, chestnut, and hard maple can bo introduced, the 
former by pressing the acorns and nuts an inch into the soil, covej‘- 
ing with the foot, and the latter by sowing seed in lulls. Such plant- 
ing can bo done without regard to the existing growtli and without 
disturbing it, all these species taking a strong hold on the soil before 
top growtli advances, and hence being comparatively indifferent to 
light in the early stage of gmwth. 

A stand of conifers is more difficult to secui*e. Usually the surface 
of such waste lands is so covered with moss and other debris tliat seeds 
sown broadcast and left without further caro fail to come in contact 
with the moist soil, and hence fail to germinate. Successful seeding 
has often been aceomplislied where the fields have l)een surrounded 
by mature trees and liavc been undisturbed by cultivation during a 
seed year, thus giving the pines an equal opportunity with less desira- 
ble .species to sow their seed in tlio soil. Where the seed can bo har- 
rowed in, there is a reasonable prospect of a stand; but it will usually 
be fouml more iirolitable to plant tlio young trees, using siudi as have 
been one or two yc^ars in nursery rows after transplanting from the seed 
bed. In the sjiring, when the soil is moist, hillside fields and i^astiires 
nia}^ be planted thus to conifers with a dibble or spade, the distauee 
apart depemding iii)ou the growth already established. On clean land 
the trees should stand close, not more than i by 4 feet. If there be a 
considerable soil cover of brush which can be used to nurse or protect 
the young plants, these may bo set in at the rate of CSO to the acre 
(8 by 8 iVet), or even less. Even in such cases thick ifiauting is the 
more desirable, using a mixture of dense-shading (spruce) trees with 
light-needing species, such as the pines, or distributing the pines 
among larch seedlings, which grow very tall and slender and have 
imoveii good neighbors for the Junes. 

Where the Avhite pine is native, a successful method of planting 
is to take up the young seedlings in the 'woods with the sod in which 
they grow, thus disturbing the root as little as possible. This is much 
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slower than where nursery plants are used. In clean fields men unac- 
customed to the work can easily set 1,000 trees per day, while skilled 
workmen can almost double this number. 

Close planting is less important in the Alleghany region, where 
there is an abundant moisture supply, than in the dry country west 
of the Mississippi River. In New England many successful planters 
set pines not closer than 10 by 10 feet (435 per acre). The objection 
to such wide spacing is that too great a growth of branches results on 
the lower part of the stem, producing knotty timber. Thinning 
should be sparingly done, the ideal stand during the first eighty years 
being one in which the trees are never so far apart that the branches 
will noti touch each other Avhcn swayed by the wind, and during the 
first fifty years the trees should stand so close that the branches touch 
each other when still. This condition is best secured by slight and 
frequent thinnings (seven to ton years apart) during the period of 
most rapid growth. The increasing demand for box timber in the 
manufacturing districts of the East provides a market for i)ine and 
similar wood when 35 to 50 years old, thus permitting a short period 
of rotation in the forest management of waste lands in Eastern farms, 
and overcoming a principal objection to forest idanting. 

In all ridge planting, whether within or beyond the foi’cst area, a 
leading purpose is the improvement of the soil, and this is best 
attained by close planting, which not only i>rotects the surface soil 
from wind action, but also retains the leaves whore they fall, thus 
enriching the soil by their decay. 

The stand secured from any planting will of course depend upon 
the conditions of soil and climate at the time of x>lanting and through- 
out the season, as well as the skill Avith Avliich the id«antiiig is done. 
Climatic conditions play so large a i)art that there is ahvays more or 
less danger of i)artial failure, especially with conifers. AVithin the 
forest region success is much more certain than in the plains, where, 
under favorable conditions at planting time, a stand of (>() x^cr cent of 
the conifers set should be considered satisfactory. AA’^ith no greater 
proportion living than this, replanting Avould be necessary the follow- 
ing spring, unless the blanks were so situated as to make filling in 
with chea];)ef deciduous forms possible. The aim of the planter should 
be to have the trees which ho designs to stand until mature so dis- 
tributed in his giwe that they Avill each have the largest i)ossible 
amount of space after the remaining trees have been cut out. Hence, 
when for any reason the conifers desired are expensive, if the jdantor 
intends to make his grove of coniferous trees, he may place them 8 
by 8 feet, 12 by 12 feet, IG by IG feet (G80, 302, 170 per acre), or even 
at wider intervals, and fill in the spaces to 4 by 4 feet or less with 
such trees as box elder, silver maple, Russian mulberrj^, catalpa, 
black locust, etc. Of these the first thi^ee named would fulfill only a 
temporaiy office and might be removed Avithin ten or fifteen years, by 
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wll^ ttoe the others woold have attained uaefnl size. These ooiild 
l>ef:$Ml 9 ^iied out from time to time, as necessary, loavinji^ the land to 
tbn^^oHNaifers alone within from thirty to fifty years of planting'. Here 
afSl^i if duo regard to the light requirements of the several species 
ha# been observed in planting, the trees will bo found in regular order, 
such light-demanding kinds as the pines and larches being surrounded 
by the sliade-enduring spruces; or if only one coniferous form has 
been use<l, the subsequent thinning will be so managed as to give to 
each of the remaining trees t lie largest possible amount of light and 
room. It will be readily understood from these notes that tlie amount 
of pine, spruce, or larcli that may be pro<luced on an acre within a 
given time — as in fifty years — will depend ([uite as inm^h upon the 
judgment which has attended the thinnings as upon favorable condi- 
tions of soil and climate. Fifty thonsaml feet, 1>. M., of white pinehas 
been products] at. r>() years of age from natural seeding with the aid 
of eai’oful thinning, 'fhis must be <*<msider(Ml an unusually large 
growth, and one-fourth as mueh wouhl be good in ordinary practice. 

lM.ANTIN(i TO HIND SOILS. 

Mitf.di of tlie waste jilanting of farms will be iloin* to bind tlie soil of 
the hillsides whi<*h have been worn to gul^K^s by long exposure and 
cropping. One of the best trees for this purpose is the black locust, 
which has a great I’oot do velo[nnent and is om^ of the toughest w'oods. 
This tree is a native^ of the rocky liillsi<les of tlie Alleghany region, 
ami succeeds well in all kiinls of soils. It is a ratiid grower, attain- 
ing a size suitable for vine stakes, intermediate posts, ete., in about 
ten years. It reproduces itself freely by siirouting, and spreads 
rapidly wdiere planted pure. It is a tlun-foliaged tree, and planted 
alone is not a soil improver, but it ean b(‘ established where more 
desirable species in this regard can not gain a foothold, and these 
can be intrcHlnced lattu-. 

The locust is much subject to the attack of a very destructive borer, 
but this insect is l(\ss common than formerly, and its ravages are 
I'educed to a minimum in mixed jdanting. Few broad-leafed species 
are of greater value tlian black locust for farm uses. It is tlie hanlest 
and the most durable of our trc(‘s. C^^mmercially, the timber fur- 
nishes the best, wooden pins or treenails used in shipbuilding, and it 
is also used for wheel liiibs. 

A second important form of planting for ilie purpose of binding 
soils is that used in controlling the direction of streams by the plant- 
ing of willows on their banks. East and West mucli fertile farm land 
is rendered Comparatively waste by the windings of stre^ams, which 
curve in and out, occupying wide stretches of bottom lauds and mak- 
ing them useless except for pasturage. If simply a straight channel 
is out for such streams, they soon wear the banks and are again uncon- 
trolled. By panting willow cuttings in the sides of such cuts, a first 
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row near the water at its low stage and additional rows in 
and top of the cut, the roots soon hind the soil, holding it againil^lS^ 
wearing action of high water. Either wdiite willow or osiers cm he 
used for such planting. Where fuel is scarce, the rapid-growing white 
willow will be found most useful. In such locations it attains a diam^ 
eter at the butt of 5 to H inches in ten years, and as it sprouts readily 
from the stump it can l)o treated as coppice and will furnish a supply 
of small wood for many years. Where there is a market for them, 
osier willows can be profitably grown in such waste places. The spe- 
cies most commonly used is the red osier (JSalix pffrpurea var. Pyra- 
77iidrdis), Cuttings from well-ripened wood, 12 inches long, are simply 
stuck ill the washed banks. The osiers are more profitable where 
given high cultivation, and land too wet for (*orn but yet capable 
of cultivation is well adapted to them. The soil should be deeply 
plowed or spaded, and the cuttings set to the 1o]) bud in rows 4 or 5 
feet apart, 1 foot in the row. T]u) withes, or rods, should bo cut close 
to the ground c^vciry year, iiKiludiiig the first, in order to secure the 
strongest growth. 

THE NUT TKEKS. 

For highwTiys, fen(*(‘ rows, and odd corners, those waste lands which 
often contain some of the most fertile soil in the farm, the nut trees 
are especially available. The black walnut has been largely used in 
the West as a fmiee-line t ree, because of its rajiid growth, excellent 
nuts, and ultimately valuable timber. It jirefers a deep, rich soil, and 
is intolerant of droiiglit, but in suitable lo(*alities it is a successful 
tree throughout the country cast of the one hundredth meridian and 
south of the Minnesota line, though grown as far north as Minneapolis. 
The chestnut, like all nut trees, varies greatly in t he quality of its fruit, 
and the farmer has abundant opportunity of selecd ion in choosing nuts 
for planting. Although limited in its natural range of the country 
east of the Wabash and Kentu(?ky rivers, it has been successfully 
growm ill western Missouri (Kansas City) and central Iowa, and will 
jirobably 8ii(‘.ceod as far west as the Missouri River. Unlike the wal- 
nut, the chestnut sne<*eeds well in highlands. Kxpei’iments in graft- 
ing Spanish and other imjiroved chest nuts on the native stock have 
been entirely successful. 

The pecan has attracted much attcutiion in the Southwest during 
the past few years as a desirable nut tree, and as such deserves atten- 
tion in this connection. The pecan is of even more limited natural 
range than the chestnut, its northern boundary being in southern 
Indiana and Illinois and its eastern line about central Kentucky. It 
is thus essentially a Southwes1;eni form, and is worthy of the careful 
attention of farmers in that part of the country as a means of making 
waste places productive. It is successfully growm throughout the for- 
est area south of New York. A great range of choice is possible in 
selecting nuts for planting, as they vary greatly even in the same grove. 
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'Hie shagbark hickory is much less particular in its soil require- 
than the pecan, although a closely related specic^s. It occu- 
pies sandy ridges and clay hillsides as well as the ricdior lowlands, 
and is well worth consideration as well for timber as for its fruits. 
Its habits being understood, it should be a useful species for waste 
farm plantihg. In its natural state it grows in open groves with hazel 
or other undergrow th. While usually more or less mixed w ith other 
trees, it is often the dominant form over considerable areas. It is a 
light-demanding t ree, and is difficult to transplant unlevSS specially 
prepared by the cutting of the taproot a year previous to setting. 
The mocker nut, variously <*alled Missouri niit, bull nnt, king nut, 
etc., is more southern in its rang(^ than the sbagbark, wliieli is found 
from New England to southern Minnesota. The hickories can be 
profitably grow'ii as eo])]:)i(‘<‘, tln^ cuttings having an (established value 
for hoop poles. 

The nut tree's are Ixest. grow'ii by sow ing tine nuts w here the trees are 
to stand. Along fen(e<^s 1 1ney can be grow n in open hedge row^s, and 
during their earlier years will fruit freely in such jdantings. As they 
grow older those which bear inferior fruit eaii be cut out, giving neces- 
sary room for the remaining trees. If grown on highways, the nut 
trees Avill be benefited by being mixed with some low-growing, woody 
plant, such as sand eberjy, <*oral b<»i*ry, w ild gooseberry, or some low - 
growing tree, like w ild plum, iroriwood, or dogwood. Such under- 
growth wdll prevent weed growth and thus furtlnu* tin' especial 
purpose of the plantation. 

If the fruit rather than the timl)er is the principal crop desired, 
the nut trees shouhi be (uicou raged to form large, open crow’iis, admit- 
ting light freely, for fruit is produced only under such conditions. 
Therefore, in the planting of odd corners, fence lines, and highways 
with nut tri'es, if other sptM*i<'s are mixed in they must not be per- 
mitted to shade the nut trees, but must Ix' lower growing, or very erect, 
in which ease but few^ should be used. Tln^ nut trees may require 
some nursing during tb<‘ first ten years, to induce them to form a 
trunk of proper height, esp<‘<*ially in roadsides planting, but when this 
is attained their crowns should have full sunlight. At the same time 
several species are ])eeuliarly subject to sun scald, especially the hick- 
ories and white walnut, or butternut (the latter is excluded from this 
list on this account), and this suggests the advisability of mixing wdth 
them a low-growing tree which will shade their trunks during youth. 
In the North C>entral States the Russian mulberry should prove a use- 
ful tree for this purpose, as it is a rapid grower during youth and of 
only moderate height. Of the shrubs suggested for use as under- 
growth none can gain a foothold until the crown cover has been raised 
considerably from the ground, after ten or twenty years, so that this 
is an after consideration, unless all bo planted at the same time. 

Among the trees of possible culture in waste places the especial 
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usefulness of several may be mentioned. The hardy catalpa ia’>«!i|ie 
of the few rapid-growing trees whose wood is very durable in eoiiteeit 
with the soil, and it is therefore unexcelled as post timber. It dees 
not succeed north of central Iowa nor west of the ninety-seventh merM<^ 
iaii, but within its range it is one of the most rapid-growing trees, and 
wdll prove a useful timber on every farm for posts, stakes, and rails. 
The European larch, though not so durable in contact with the soil, can 
be grown over a wider range, and is an oxcollent post and rail timber. 
More trees of this species can bo grown to largo size on a given area 
than of any other, because of its erect liabit. Thus, trees standing 4 
by 4 feet can be grown to good rail size without thinning. 

The white ash in the East and the green asli in the West should be 
included in farm planting on account of tln^ usefulness of their tim- 
ber, when properly seasoned, for machiiuMy repaii‘s. While of slower 
growth than the forc^going, they yet altain a ns(dul size for many 
purposes within t wenty-tive years. Likt^ tlui black locust, they should 
be scattered among other species to redin‘e tln^ danger from borers. 
The white eliu yields a tough tinib(u* that can be api)lied to many 
farm uses, and as it succeeds in most locations it should form a part 
of all plantations. The hickories, aside from their e\(u»llent nuts, ai^ 
among the most useful of farm timb(U*s, b(‘caust» of tlnur toughness 
and elasticit3^ The blaek wild eherry is most useful iueadentally in 
the farm plantation, as it jiroduces a fruit, much ndished by birds, 
and has a high forestal value. The timber attains its peculiar value 
only with age, as is the case with the black walnut. 

The wood of pines and spruces is of comparativ<^ly little value 
until the trees are mature, as it is neither so strong nor so <lurable as 
that of several species mentioned. The incidental value of these coni- 
fers is greater than that of broad-leafed tiees, as their leaves are held 
through the winter, thus greatly iiuTeasing their usefulness as wind- 
breaks. The well-known su[)eriority of the lumber of mature trees 
needs no comment. The red cedar is one of the most durable timbers 
known in contact with the soil, and t he arlM)r vitje is only less valuble 
as a post timber. 

The common cottonwood is oiu^ of the least useful tn^es for wastie 
planting on the farm, because it succeeds well only in fresh or moist 
soils. In the far West it is a useful tree for planting in seepage spots, 
and it can be well groAvii in all moist soils. It is neither durable nor 
strong, so that its principal value is in its rapid growth, giving an 
early supply of fuel. Of the willows, the leading one is the common 
white willow, which is especially useful as a wind-break, but the 
willow also likes a moist soil, unfitting it for most waste planting. 
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Asparagus was introdiK^cnl into this country with the early settlers 
from Europe, and is credited with having been cultivated here for 
two hundred y(‘ars before^ luung troubled wdth insecds. 


A number of spoci(‘s of na- 
tive American insects have 
been observed to fet^d u]K)n 
this plant, but none, so far as 
we know, havi^ beconu^ sutli- 
dently attacdied to it to cause 
serious injury. Few of our 
edible plants, in short, down 
to the time of the <Mvil war 
have enjoyed siudi imiDunily 
from the ravages of insects. 
(Fig. 84.) 

In the Old World two in- 
sects, called asparagus laa^- 
tles, have been knownasiuie- 
mies of the asparagus since 
early times. In tln^ year ISdL* 
one of thes(? insects, know n to 
science as f V/ocrr/.vo.vyaovn//, 
and whhdi may be called tin* 
common asparagus beet le, w as 
the occasion of cousid(*rable 
alarm on asparagus farms in 
Queens tbunty, N. V., wln*re 
it threatened to destroy this, 
one of the most valuable croj)s 
grown on Long Island. Sub- 
sequent. iini u i ry, b r o u g h t 
about chiefly through the ef- 
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begun its destructive work at Astoria, near New York City, in l$0O, 
and it is now conceded that it was introduced in this locality about 
1856. » 

In 1881 another European importation was detected on asparagus 
near Baltimore, Md. This latter is Crioreris duodpchnpurtctcUa, com- 
monly called the twelve-spotted asparagus beetle. 

THE COMMON ASPARA(iUS BEETLE. 

( C *ri(H*eris attparagi Liini. ) 

From the seat of its introduction at Astoria, forty years ago, the 
a8{)aragiis beetle soon spread to the as])aragus farms of Queens County, 
N. Y., and by it was reported to have occasioned the loss of over 
a third of the crops of (*.ertain localities, such loss being estimated at 
$50,000. 

The injury inliicted by this insec^t is dm^ to th(» work -of both adults 
and larvae uiK)n the tender shoots, whi(di they render unlit for market 
eai’ly in the season ami later d(^sti*oy by defoliation 
of the high-grown ])lants, and parti(*ularly seed- 
lings, the roots of vvhi(*h are weakened by having 
their tops devoured. The larvm are sometimes so 
abundant that the black, molasses-like fluid that 
they emit from their moulhs soils the hands of 
those who are engaged in ])Uji(*hing the stalks for 
market, and again the eggs are laid u[)on the stalks 
in such numbers that these latter are rendered 
unsightly and even slippery by their presence. 
Larvae, as well as beetles, attack the teiiderest 
portions of the plants, but the lattei* gnaw with 
seemingly etpial ndish the e]>idermis, or i*ind, of the 
stems. The beetles are also accused of gnawing young shoots beneath 
the surface, causing tluMii to become woody and crooktMl in growth. 

A corresixmdent of the Department, ]\Ir. William II. Hunt, an exten- 
sive asparagus grower at Concord, one of tin* leading towns in the 
cultivation of this croj) in Massach us(U Is, w rites that it is in establish- 
ing new beds tliat the greatest trouble and <‘xpense are incurred. The 
plant must grow a year as seedling and two Jiioi o in the beds before 
being cut for table use, and during these three years it is constantly 
exposed to the attacks of this insect. Careful growers protect their 
beds, but careless growers, after cultivating a bed for one or two years, 

* The capture of this species was recorded early in th(i present century in Penn- 
Bylvania— presumably near Hanover— and again in the vicinity of Chicago and 
Bock Island, 111., about ten years after tlie discovery on Long Island, but, as the 
insect died out in these localities, these were obviously independent imx>ortations, 
and can not be considered introductions as the word is used of plants and animals, 
since the species did not obtain a permanent foothold. 
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iMfBiSiM discoaraged and plow it up and plant something else. Mr. 
Hunt states that five such instances have occurred in his neighborhood. 

Tke adult beetle is a most beautiful creature, slender and graceful 
in form, blue-black in color, with red thorax, and lemon-yellow and 
dark*blue elytra or wing covers, with reddish border. A common form 
of elytral ornamentation in the latitude of the District of CJolumbia is 
illustrated at fig. 8G, a. Farther north the prevailing form is darker, 
the lighter coloring sometimes showing only as a reddish border and 
six small submarginal yellow 8X)ots. (See fig. 85, ((,) An extreme 
light form not uncommon in the southern range of tlie insect is shown 
by the same figure, 6, for comx)arison. Its length is a trifle less than 
one-fourth of an inch. 

msTRIBUTlON, PRESENT ANl) FUTURE. 

From the scene of its first colonization in Queens Oounty, the 
insect migrated to the other truck-growing portions of Long Island, 
and may now be found at (.hitchoguc, toward the eastern end of tlie 
island. li. soon reacdied southern Coniiecdicut, and lias now extended 
its range northward through that State and ^lassachu setts to tlie State 
line of New IJampshire. Southward, it has traveled through New 
Jersey, when' it was tirst noticed in 1SG8, eastern Pennsylvania, Del- 
aware, and Maryland to southern Virginia. 

Its distribution by natural means has been inainl}" by the flight of 
the adult beetles, rridoubtedly, also, the beetles have been trans- 
jHirted fnim jilace to pla(*(' by water, both u[) and <lown stream by 
rising and falling tide, as tlu^ fact that it has not until recently devi- 
ated far from the immediate neighborhood of the seacoast and of 
large water courses near the coast bears abundant testimony. 

Another reason for the present prevalence of this species in these 
localities is that asparagus was originally a maritime xdant and has 
escaped from cultivation and grown most luxuriantly in the vicinity of 
largo bodies of water. It is well known that- it is usually ii])on wild 
plants that the inse(*t first makes its appearance in lunv localities. 
There is evidence also that its dissemination may be effected by wdiat 
Dr. How^ard, who has made a sxiecial study of the distribution of this 
and other imx)orted insect pests, has termed a “commcicial jump,” 
either by commerce in prox)agating roots, among which the insect may 
be present either as hibernating beetles or as iiupue, or by the acci- 
dental carriage of the beetles on railroad trains or boats. 

Only by some such artificial means of distribution has it in later years 
found its way to northwestern New- York, in four counties between 
Rome and Buffalo, and to Ohio, where it now’^ occupies a similar terri- 
tory of four counties between Cleveland and the Pennsylvania JState 
line. During the jiast summer Dr. Howard traced its course along 
the Hudson River above Albany. Inquiry instituted by Mr. F. M. 
Webster concerning the Ohio occurrence disclosed the fact that the 
plants in one locality were brought from New York. Its presence in 
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eastern Massachusetts in like manner may be due to direct 
of roots from infested localities to Boston and vicinity. 

It is noticeable that its inland spread, except in the neighbotb6od 
of water, has been extremely limiU^d. It is present now in what is 
known as tiie Upper Austral life zone,, although in certain points In 
New England it has located in what is considered the Transition zone. 
Its course iip the Hudson Kiver lies within a rather narrow strip of 
Upper Austral, and its location in the vicinity of Mechanicsville, about 
twenty miles north of Albany, marks its ])reseut most northern loca* 
tion. In all probability it is destined itrtiine to overspread the entire 
Upper Austral zone and 1o make its way to some extent into neigh- 
boring areas in which it may find conditions for its continuance. 

Through inquiry conducted during the ^x^ars 1S!)5 and 180G by Dr. 
Howard the distribution of Ihis spec*ics in jMassachiisetts, though wide, 
is found to bo local. In New Hampshire it has been recorded from 
Nashua and l\)rtsmoiilh. The speedes is r(q)orted also from Barring- 
ton, R. L, and is well established in ('OniKHdicnt. ft is x^ossible that 
in a few j^ars it may be able to encroach slightly upon the bordering 
States of Vermont in the vicinity of the Vonnc(*ticiit River Valley and 
Maine, near the New Hampshire seaboard. Il is generally distributed 
through New Jersey, Delaware, and Maryland, and in southeasteim 
Pennsylvania near the Delaware River. It is still local in New York 
and Ohio, but we may e\i)e(*t within a few years to hear of its invad- 
ing other portions of those States lying wit hin t Ire Uptrer Austral zone; 
also Canada, of which there is a strip of U{)|>er Aiisti*al bordering the 
northern shore of Lake Erie, and later Indiana, Illinois, and Ken- 
tucky and farther west. 

HABITS AND LIFK lIlSTOliY. 

The insect passes the winter in lire beetle state under convenient 
shelter, such as piles of rubbish, st i<*ks, or stones, or* under the loose 
bark of trees and fence trusts, 'i'owaid the end of Ajrril or early in 
May, according to lo(*ality, or at the sc^ason for* (Mitting the asparagus 
for market, the beetles issue from their hibernating quarters and laj^ 
the eggs for the first brood. 

Tlio egg is \ery large in protroilion to the beetle, being nearly a 
sixteenth of an inch in length, and of the elongate-oval form illus- 
trated at fig. 8t», h. It^ is nearly thi*cc limes as long as wide and of a 
dark-brown (^olor. "JJic eggs are deiiosited endwise upon the stem or 
foliage and in early spring on tlie developing stalks, usually in rows 
of from two to six or seven. 

In from three to eight days the eggs hatch, the 3 "oung larvm, com- 
monly ciilled “grubs” or “worms,” presenting the afipearance indi- 
cated !n fig. 80, c. The head of the newly hatched larva is large, 
black, and bead-like, its body is gi*ay, and its three pairs of legs black. 
It at once begins to feed, and is from ten days to a fortnight., accord- 
ing tb Fitch and others, in attaining full growth. When full giwn 



THE ABPaKAGUS BEETLES. 


345 


as in fig. 86, cL It is soft and fleshy, much wrinkled, and 
oi fk dark gray or olive color, sometimes light, but not infrequently 
dark. The head is shining black, as are also the six legs. Each 
IW^gment is provided with a pair of foot-like tubercles, wliich, vnth the 
anal proleg, assist it in crawling and in clinging to the plant. The 
mature larva enUn-s the earth, and here, within a little rounded, dirt- 
eovered cocoon which it forms, the i>upa state is assumed. The pupa 
is yellowish in color, and its appearance is sufficiently sliown by tlie 
illustration (fig, 86, c). In from five to eight or more days tlie adult 
beetle is produced, which in duo time issues from the ground in s<3arch 
of foo<l and for a suitable jdaeo for the continuance of the spe<nes. 

THK MFK CYCl.K. 

Of the duration of th(‘ life cycle. Filch lias remarked that it is about 
thirty days from the time tin* egg is laid until the insect grows to 



maturity and (*omes out iu its ]>erfect form, but lliat the lime will be 
shorter in the liott<*st part of the season in July and August than iu 
the cooler days of May and June. Tliese j>eriods are for Jiong Island, 
New York. 

During a hot spell in midsummer the minimum period of ovulation 
aud of the pupa stage w as observed by the Avrit er at this Dopartimenl. 
Eggs that were laid on the nth of August hatched on the Sth of that 
month, or iu three days. A larva transformed to pupa on August 4 
and to adult August t), or in five days. Allow ing ten days as the min- 
imum credited period of the larval stage, a day or two foi* tin' larva 
tx) enter the ground and form its ecwooii, ainl two or three days mote 
for the beetle to mature and leave the eart h, tlie insect is again ready 
to attack its food plant and to continue the reproduction of its kind 
in about three weeks fi'om the time that the egg is laid. 

This may fairly be taken to represent the minimum midsummer life- 
cycle period of the species in the District of Columbia and southward. 
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In the colder climate of New England and in spring and mwMier 
weather the development from egg to beetle will require from fo«ir4o 
perhaps seven weeks. The hibernating beetles appear here m einfly 
as April, and beetles of a later brood have been observed in abtm* 
dance in October as far north as northern C^onnecticiit. In its nortborn 
range two and perhaps three broods are usually produced, and farther 
south there is a possibility of four or five generations each year. 

NATURAL (CHECKS. 

For some reason writers on economic entomology have overlooked 
the fact that the conimon asparagus beet le lias very efiiiuent natural 
checks, in the shape of predaceous insects of many kinds, which prey 
upon its larva* an<l assist very materially in ])re venting the undue 
increase of tliis and otluu- injurious specii^s. 

Beyond the reported statement that in isfi:) a small, shining, black 
parasitic destroyed gr<‘at. numlMO's of asjiaragus bcndle larvie on 

l^ong Island, New York, 
no parasitic or predace- 
ous insect enemies were 
known in this (*ountry un- 
til isjh;. 

The work of investigat- 
ing predaceous enemies 
was continued for only a 
l)ri(‘f season the past sum- 
m r fi n d observations 
were confined to th<>t coun- 
try within a f(nv miles of 
tin* city of Washington. 

Of the many jiredatory 
lns(*(*.ts observed on in- 
fested asparagus plants, a few are deserving of spe(*ial mention. One 
of the most efficient of tliese is tlio spotted ladybird (3/f fy/7/o imtcukda 
De G.). It was jirescnt in all the asparagus beds examined, its larvie 
appearing to have no other occupation than that of devouring those 
of asparagus beetles. This inse(*t in its sev eral stages is repi'osented 
in the illustration (fig. <S7). The adult be(*tl(^ is rose colored, with 
numerous black spots. 

The spined soldier bug (/W/.va.s* .s/m#o,sa.s Dali.) aud the bordered 
soldier bug {Stiretrus (inrhorayo Fab.) are also active destroyers of 
asparagus beetle larva*, which they attack and kill by impaling them 
upon their long proboscides and sucking out their juices. The latter 
species is illustrated at fig. 88. Certain species of wasps and small 
dragon flies also prey upon the asparagus beetle grubs. Two of the 

'Possibly Myobia pumilla Macq., which is known as a parasite of Crioeeris 
aspctragi in Europe. 
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oS^bitiidant of these are Polistes pallipes St. Farg. and Agrion 
Hagen. The method of procedure of these latter insects is 
tm hmm about the infested plants until a larva is descried, when it is 
pomieed upon and carried away. 

Asparagus beetles are very susceptible to sudden changes of tem- 
perature, and it has been noticed by one of our correspondents, Mr. 
C. W. Prescott, of Concord, Mass., that immense numbers of the hil^er- 
nating beetles are killed in winter during severely (jold spells follow- 
ing “open ” weather, millions of their dead bodies being found under 
bark and in other hiding jdaces. 

The intense heat that prevailed at times during the summer of 1890, 
especially during the first two weeks of August, though conducive to 
the undue propagation of some species of insects, had the opposite 
effect upon certain species that feed in the larval condition freely 
exposed upon the i) hints. Upon the Department grounds and else- 
where in the viinnity this was particularly noticeable in the case 



FlO. 88. ^Cttrvtmn anrhnrntjo : n Hclult biijar; nvniph—both tlvi* tiinnH vofiKiunh 

of the larvae of Critx-eris tusparagi, 1'heii* eggs also seemed to he 
dried up by the heat. What with their natural enemies and the 
beat, scarcely a beetle or larva of either speeders was to be found about 
Washington, 1). U., after the last of August, though freipient search 
was made in the neighborhood. 

KKMKPlF.b. 

Fortunately, the common asx>aragus beetle is not difficult of control, 
and under ordinary ciieumstances may bo held in restraint by the sim- 
plest means. 

Vincent Kollar, who wrote of this insect in 1837, said: “Tlie only 
means of destruction is picking off and killing the ])ee11es and larvie.” 
Fitch’s only recommendation was the employment of domestic fowls 
for the purpose. 

While hand picking is undoubtedly of some value iii small beds, 
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and is still in use to some extent, it must of nee^ssity give 
approved methods for the vast myriads of the beetles that eaOMil- 
trate their forces upon the large areas that are devoted to thiaai^ 
in the suburbs of our large cities. Chickens and ducks are elQaiMb 
destroyers of asparagus beetles, and as they do no injury to thefiaiit 
their services are still in i*equisition for this purpose at the presentday. 

An excellent practice that is in high favor among prominent 
asparagus growers is to cut down all plants, including seedlings ami 
volunteer gi*owth, in early spring, so as to for(»e the parent beetles to 
deposit their eggs ujMjn iiew shoots, which are theji cut every few days 
before the eggs have ti nu^ to hatch for tJie first new bi*ood. 

Other measures that have been employed with advantage consist in 
cutting down the seed stems after the crop lias been harvested, and 
again once or twice during the cutting season, or in permitting a por- 
tion of llie shoots to grow and serve as lures for tJic beetles. Here 
they may be killed with insecticides, or the plants, after tliey become 
covered with eggs, may be cut down and burned, and other sluKds l>e 
allowed to grow np as decoys. The tra]) plants should be destroyed 
as often as once a wecik. 

With concerted action on tlu‘ part of growers in following out any 
of these last methods the insects shouhl be held in check, at least in 
a I’egion where the jdant does not grow wild in too great profusion. 
Where this is not. practicable, the insecticides must be brought into 
service. It is well in any case to employ the insecticides after the 
cutting season, since if the insects are destroyed at this time their 
numbers will be lessened for the next year. 

One of the best remedies against the larvae is fresli, air-slaked lime, 
dusted oil the plants in thc^ early morning while the dew is on. It 
quickly destroys all the grubs with which it- comes in contact. 

Pyrethrum is crcdit.(Kl witli being a useful remedy, and (piito recently 
Professor Klein, ^ director of the experiment station at Karlsruhe, 
Baden, has reported that a mixture of soft soa[>, ([uassia decoction, 
and water (alxiut equal parts of the lirst two to five of the last named) 
is effective against th<‘ iarvic, but these remedies will Iiaidly commeiid 
themselves for extensiv<» use until they hav<‘ been thoroughly tested 
on a large scale. 

The arseniles, applied dry in jiowder mixed with flour, as for potatio 
beetles, answ(*r (Hpially well; they possess the advantage of destroy- 
ing beetles as well as grubs, and arc of value upon idauts that are not 
being cut for food. Some of our correspoiuhuits use a mixture of 
parts green and air-slaked lime, or plaster, 2 iiounds of the former 
to a barrel of the latliu-. It should be borne in mind that t.o produce 
satisfactory results the lime or arsenite must be applied at frequent 
intervals, or as often as the larvae reappear on the beds. 

A simple and inexpensive method of killing the larvae in hot weather 

^Berichte d. Orossh. Bad. Landw.-Bot. Yersachsanstalt z. Elarlsruhe, 1896* 
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OT brush them from the plants with a stick so that they will 
the bare ground. The larva) are delicate creatures, and, as 
they erawl very slowly, few are able to regain the shelter of the plants, 
bttt i&a when exx)08ed to the heated earth. 

THE TWELVE-SPOTTED ASPARAOUS BEETLE. 

{Crioceris (Inodccimpnnctata Linn.) 

A much rarer, and (MUhsequentl^' less injurious, species than the 
preceding, at tlie X)resent time, is the twelve-spotted asj)Hragus beetle. 
It is generally distributed in Euroi)e, where it is apparently native, 
and, although common, is not especially destrmdive. 

Like the commoner six^cies, it lives excdusively on asparagus, and 
the chief damage it does is due to the depredations of the hibernated 
beetles in carl}" s[)ring upon the young and edible asx)aragus shoots. 
Later generations attaek the foliage, living, for at least a considerable 
jK)rtion of the larval stage, within the ripening berries. 

INTROnrCTION ANI> SPHKAU IN THE rXlTED STATES. 

The presence oi' this iiisec't in America, as has been stated, was first 
discovered in IHSl, and in the vi<Mnity of Haltimon‘, Md. Dr. Otto 
Lugger, to whom this dis<x)very is due, informs the writer that this 
beetle was noticed in considerable numlxu's from the tlrst, showing 
that it had jirobably been introduced several y(‘ars earlier. At that 
time it occurred (piite locally, haxing been found only at the month 
of the Furna(*(? Branch of the l^itapsco Hiv(u* at a point a few miles 
south of Baltimore. It was then to be seen only oil volunti^er aspar- 
agus growing on the salty margin of this river, although ImhIs of cul- 
tivated aHi)aragus were jihuitiful in the imnuMliate vicinity. Two 
years later the late Dr. Riley, then Entomologist of tlio De])artment of 
Agriculture, remarked that it had recently provi'd even mon^ trouble- 
some than the common asparagus species. 

Assuming Baltimore tolia\e been the original cent er of distribution, 
the twelve-spotted asparagus beetle has been traced southward through 
Anne Arundel and Rrin(*<‘ (iJeorge counties to tin* District of Colum- 
bia, where it was detected five years from the time of its first dis- 
covery. Ill 18 U 2 it was reported to have apiieared in considerable 
numbers on asparagus stalks that had been (*ut down uxioii a farm in 
Carroll County, Md. The same year Dj\ J. B. Smith, entomologist 
of the New Jersey Agricultural Experiment Station, anuouneed its 
appearance in Gloucester Ck)unty, in sonthern New Jersey, and in 
the following 3"ear it was found in (himberland and C^amden counties 
of the same State. 

To have reached these points the insect, obviously, had traversed 
the intervening country, coiniirisi ng Harford, Cecil, and Kent coun- 
ties in Maryland, the northern half of Delaware, and Salem County, 
N. J. It was also found to have reached Virginia, near Washington, 



850 YEARBOOK OF THE U. 8. DEPARTMENT OF AGBICOlilTU^E, 

In 1894 it had extended northward to Burlington County, N.riv»JW0Ni 
westward to Philadeli)hia County, in Pennsylvania. The mmB 
it was detected in Queen Anne County, Md. 

The past year (189ti) it was found to have established itmU m 
Charles (bounty, Md., and to have penetrated as far south in Virginia 
as Westmoreland CV)uiity. 

In May, 189G, a serious invasion was reported in Prince George 
County, Md., where the beetles attacked the young shoots, gnavving 
oif the heads as soon as they showed above* ground, thus entirely 
unfitting the ci’op for marketable purposes. As in most other cases 
of the reported i)resence of this insect, it was accompanied by the 
common asparagus beetle, which was first to appear on the beds, but 
soon gave way to the twelve-spotted species. During that j^ear a num- 
ber of new localities were added, including Westmoreland County in 
Virginia, the southernmost loeality at prevsent known for the species. 

In addition to the above, wc^ have a brief record, that of Dr. J. A. 
Lintner, who mentioned the occurrence of lliis ins(*(*t in asparagus beds 
in Monroe CV)iinty, N. V., in 1804. This is at a point near Rochester, 
in the no7*thwestern part of the Slate, and not far from Lake Ontario. 
Its remoteness from other known localities of tlie insect leads natur- 
ally to the conclusion that this must have been an independent or at 
least an artificial int.roduct ion, therefore a second (MUiter for its further 
distribution. It s(*ems hardly probable, howevtu*, that the species will 
spread from this point with the same degrees of rapidity that it has 
done from Baltimore, as it lias liere reached the northernmost limit of 
the Upper Austral life zone, and its progrt^ss in following t his life zone 
would he southwest, when as from Balt.imon* it spread iu all directions. 

To the above must be added the finding of the species by Mr. M. H. 
Beckwith, at Millsboro, Dcd., in tin* northern portion of that State. 

PRESENT AM) PHOHART.E r'CTCKE DISTRIBUTION. 

From availabh^ data it is now fairly established that this species is 
at present distributed throughout the asparagus-growing country in 
the southern half of New Jersey, tlie wlioh* of Delaware, nearly the 
entire State of Maryland, the District of Columbia, the southeasteni 
portion of Pennsylvania bordering the State line of New Jersey, and 
northeastern Virginia in the vicinity of the western sliore of the 
Potomac River. 

At first* its progress was slow', but within the past few years it has 
traveled more rapidly. The theory that water has played no small 
part in spreading the asparagus beetles is exemijlified in the case of 
the present species, as it w ill be observed that it had spread to Wash- 
ington, D. C., 35 miles southwest of Baltimore, within five years of its 
discovery, while its appearance w as not noticed at any distance east 
or north of Baltimore until six years later. 

Having a different starting point from Crioceris asparagi, this species 
has nevertheless followed somewhat closely the course of the latter, 
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southward, along the coast line, rivers, and other water 
^d, like the latter also, it has been slow to spread inland. 
At ijbs present rate of distribution it has at least as wide a range as the 
oidisr ^lecies was known to have gained in the same number of years 
after its introduction. Altliougli, as already stated, it is far less in- 
jurious than the latter in Europe, and not so abundant in this coun- 
try, save in a few localities, it would be unsafe to predict its future 
destructiveness. That it will in time invade the territory now occu- 
pied by the common species in the North and West as it has in the 
South there can l)e no reasonable doubt; that it is capable of inflicting 
considerable injury has been proven, but it will be a matter of several 
years before it can bo classed as more than a sporadically injurious 
species. 

UESrUlPTION, IJFK HISTORY, AND HABITS. 


The mature beetle in life rivals a.s/iarof;/ in beauty, but may be dis- 
tinguished !)y its i]iu(»h broader elytra aii<l its color. The ground color 
is orange red; c^acli ely- 
tron is marked with six 
black dots, and tlie kne<‘s 
and a portion of Hie un- 
dersurface of the thorax 
are also inark(d with 
black. (See fig. a.) 

The beetle, as it oc(uirs 
on the plant wlnui in 
fruit, very closely r(‘seni- 
bles at a little distanee 
the ripening asparagus 
berry. 

The common aspara- 



gus beetle, as is well 
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known, dodg<‘s around a 

stem like a squirrel when disturbed, but the twelve-spotted form 
appears to trust to flight, taking wing more readily than the other. 
Both speeies make a loud creaking sound when handleil, by what is 
called stridulat ion, ])roduce(l in the present species by rubbing the tip 
of the abdomen against, the elytra. 

The full-grown larva is shown in tlio illustration at flg. 89, h. It 
measures, when extended, three-tenths of an inch (8 mm.), being of 
about the same proportions as the larva of the common species, but is 
readily separable by its ochracoous orange color. The ground color 
is light yellowish ci’cain with an overlay of ochraceous orange which is 
most pronounced on t he ext erior portions of the abdominal segments. 
The head, with the except ion of the mouth-parts, Is also ochraceous, 
the thoracic plate is prominent, divided into two parts, and is of a 
dark-brown color. Enlarged figures of the second abdominal segment 
of both species are presented at fig. 89, e and d, for comparison, 
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The life history of the insect is as yet imperfectly understood; ISteei 
egg has not been found and only a few of the young larvae 
olteerved. One of the latter was upon the foliage of the plant; 'tl(€ 
others, in various stages of growth, occurred in the berries. It mlglil 
be conjectured that the eggs are deposited, like those of the common 
species, on leaves and steins, and that the larva> of at least the first 
generation feed upon the same iiortions of the plant, but further ob- 
servation is necessary to establish this. 

The adult beetles feed, like the common sj)ecieH, upon the leaves 
and epidorinis of asparagus stems, and, in confinement at least, also 
upon the berry. 

In Europe the species is stated to be double-brooded, the first genera* 
tion appearing in April or May, the second in August or September. 
The larA » of the later generations feed preferably iii)on the berries, 
in which they live singly, intriwlucing themselves into the pulp. The 
infested fruit re<ldens iirematurely, an<l the larvm, when full grown, 
cut their way out and escape to the ground, wiru*h they enter to 
undergo further trausfonnation. The pupa slate is said to require 
two or three weeks for the first generation aiul lh(^ entire winter for 
the second. He this as it may in Europe, it is more probable, from 
what we know of the common asparagus speei(ss and otlier imported 
leaf-beetles in this (country, that there are lien^ more than two bromls 
annually, at least in the more southern i*ang(‘ of tlu' species, and that 
hibernation takes plae(^ in th<^ adult condit ion. 


REMEDIKS. 

Of the enieieney of the remedies indicated for the eommon aspara- 
gus beetle there is ample testimony; that all of thes(% with the pos- 
sible exception of <*auslic lime and other measures that are directed 
solely against the larvte on the growing plants, would prove of value 
against the new species scarcely admits of doubt, but tiio habit of the 
larva of the latter of living for at least a considerable iiortion of its 
existence within 1 luj berry j)la(?es it for that, period beyond the reach of 
natural enemies and insectUddes. 

The collocation and destruction of the asparagus berries before 
ripening might be a solution of the problem, but it is cpiestionable if 
recourse to this measure would be necessary, save in case of an excep- 
tional abundanc*.e of tlie insect. 



THE FEEDING VALUE OF COHN STOVER. 


By J. B. Lindsey, Ph. D., 

Massachusctta Hatch Experiment Station, Amherst, Mass, 

Corn or maize stover may bo defined as that part of the corn plant 
remaining after the matured ears have Been removed. The name is 
meant to include the entire stalk, leaves, and husks. 

In 1895 the farmers of the United States idanted about eighty-two 
million acres of land with Indian corn, which would yield about ninety 
million tons of field-cured corn stover. Supposing tliis stover to have 
the average feeding value and to be properly cured and housed, it 
would feed all the milch cows, oxen, and other cattle in the whole 
country for, approximately, one-fourth to one-third of a year. It is 
therefore of the utmost importance that the farmer should have a 
thorough understanding of the composition, digestibility, and prac- 
tical feeding value of this fodder stuff. 

(COMPOSITION OF CORN STOVER. 


While, from causes to bo mentioned hereafter, corn stover varies 
more or less in quality, the average of a large number of analyses 
shows it to contain its several constituents in the following proportions: 


ConiposKion of corn stover. 


Constituent 


Water 

Ash 

Fiber 

Fat 

Protein 

Nitroj^on-froe extract 

Total 


Whole 

stover, 

field 

cured. 


Wiiter-freo substance. 


j 

Whole 

stover. 

} Leaves. 

1 

1 

1 Stalks. 

1 

1 Husks. 1 

i 

Timothy 
hay, for 
com- 
parison. 

I\'t iCUt 

Per <tni j 

j Vi r cent ' 

1 

' I\r ernt 

1 ! 

Pei cent.l^ 

Per cenl. 

40 1 




1 


3.4 

5.V! 

:o| 

3 (5 i 

a..i 

5.1 

13 7 

33.0 1 

30 0 1 

34 8 ! 

33. S 

;i3.5 

1 1 

17| 

1 9 j 

1 (i 

1.4 j 

2,9 

3 H 

(1. 4 i 

0 1 

5 9 

5 0 

6.8 

31.9 

53 3 j 

51 0 

54 1 

57 a 

61. r 

100.0 

100 0 j 

i 

100 0 

L_ _J 

1(X) 0 i 

i 

11H> 0 

100.0 


Corn slover varies very much in the amount of ^vater it contains. 
When brought under cover with fairly good weather for curing, it 
will contain from 30 to 40 per cent of water. After it has remained 
under cover for two or three months, if it is loosely packed, (sonsider- 
able water will have dried out, reducing the percentage to 20, below 
which it rarely goes. 

12 a90 23 
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In order to compare the composition of one coarse fodder with 
another, it is customary to leave water out of the calculation, com- 
paring the actual dry matter only. This has been done in the preced- 
ing table. For comparison, the average composition of timothy hay is 
also shown. It will be seen that there is a very close correspondence 
l)etween the whole stover and its various parts, the only essential 
difference, aside from the ash, being that the leaves contain some- 
wdiat less fiber and more protein, and, other things being equal, they 
should be slightly more valuable as a source of nourishment. The 
whole stover shows a composition practically identical with that of 
timothy hay. 

The fiber and nitrogen-fr'ee extract of a fodder are frequently clas- 
sified together under the name of carbohydrates, performing the same 
functions in the process of nutrition, namely, the production of ani- 
mal heat, energy, and fat. Corn stover, containing fully 86 per cent of 
such substances, nmj well be termed a carbonaceous or starchy feed. 

DIGESTIBILITY OF CORN STOVER. 

A feeding stuff is valuable as a source of nourishment only s^> far 
as its various parts can be digested and assimilated by the animal. 
A chemical analysis shows the total amounts of constituents making 
up the feeding stuff, but this alone does not show tlio ultimate value 
of the material as a source of food. For this, knowledge of the pro- 
portion of the constituents digested is necessary.^ The following 
figures show the percentages of the different constituents which the 
average animal is able to digest from the whole stover and its several 
parts, and from timothy hay and oat straw for comiiarison : 


Digestibility of corn stover^ oat strung and timothy hay. 


Constituent. 

Whole 

stover. 

Leaves. 

Stalks. , 

Husks. 

Oat 

straw.* 

Tirnothy 

hay. 


Per cent. 

Per cent. 

i 

Per ce7it. 

Per cent. 

Per cent. 

Per cent. 

Dry matter - — 

63 

65 

67 

72 


67 

Fiber 

67 

78 

74 

80 

54 

52 

Fat 

' 52 

66 

80 

<73 

38 

ao 

Protein 

52 

85 

21 

1 80 

80 

18 

Nitrogen-free extract 

64 

68 

69 

I 75 

44 

63 


No direct tests have ever lieeu made to compare the digestibility of 
stover from different varieties of corn and in different stages of matu- 
rity. Experiments, however, with the entire plant — stover and eai^s — 
indicate that the largo, coarse varieties are rather loss digestible tlian 
the small and medium kinds. The figures as presented in the above 
table show that the entire stover, as well as its several distinct parts, 
is exceedingly well digested. The protein of the several separate 


1 Fanners’ Bulletin No. 22, U. S. Department of Agriculture. 
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parts shows a rather i)oor digestibiUly. This is always the case when 
feeds very rich in carbonaceous substances (nitrogen-free extract and 
fiber) are fed alone. Wlien supplemented by nitrogenous feeding 
BtiifPs, the digestibility of the protein would undoubtedly be increased. 
The figures also show that the whole corn stover and its separate 
parts are rather more digestible than timothy hay, and decidedly 
more so than oat straw. 

A calculation of the amounts of the several digestible ingredients 
in 1 ton of well-cured stover with 20 per cent of water and in 1 ton 
of timothy hay gives the following result: 

Amounts of digestible ingralients in 1 ton of stox^er and 1 ton of timothy hay. 


Constituont. 

Com 

stover. 

Tim O' 
tby hay. 


PouTids. 

PoundB. 

Fiber - - - 

353.7 

290.1 

Fttt 

13.5 

33.1 

Protein 

53 1 

55.4 

Nitropon'free e^traet - - 

544.0 

553.6 

Total 1 

! m 0 

! ms 


Assuming that an acic of land j)lanted to corn will yield, in addi- 
tion to the cars, 2 tons of stover, and that an acre equally well culti- 
vated will produce 2^ tons of timothy hay, a simple calculation shows 
that the stover will contain about 1,930 pounds and tho hay 2,111 
I)ounds of digestible food ingredients. Taking into consideration tho 
average weather coTiditions affecting both crops, as well as the loss 
suffered by the stover in the process of curing, it would i)robably be 
safe to assume that the stover from an acre of land will furnish on 
the average, approximately, as much digestible mutter as the timothy 
hay from a similar area. 

LOSSES OF CORN STOVER. 

Ill many sections of the country the idea seems to iirevail that the 
stover has comparatively little feeding value. In different localities 
very different methods of harvesting are followed. In some sections 
the corn is topiicd above the ear and the leaves below tho car stripped 
off, while the stalk below the ear is regarded as of little or no value 
and is allowed to go to w^aste. Again, many farmers leave tho entire 
stover uncut in the field, and in tho late autumn or winter turn the 
cattle in and let them eat what they will, tho idea being that this is 
cheaper than harvesting it. That such methods are very wasteful 
must be clear to eveiyone. Reliable experiments teach that of the 
entire corn stover the portion above the ear (tops) contains 27 per cent 
of the total digestible matter, the blades below the ear, 13 per cent; the 
husks, 20 per cent, and the stalks beloAv the ear, 34 per cent. By 



356 YEARBOOK OF THE U. S. DEPARTMENT OF AGRICULTURE. 


leaving the stalks below the ear in the field, one-third of the entire 
feeding value of the stover is lost. Again, if the stover is not cut till 
very late, the leaves dry up and are blown away by the winds. 

CONDITIONS AFFECTING THE VALUE OF STOVER. 

The value of the stover varies to quite an extent, according to time 
of cutting, variety, and weather conditions during the curing process. 
Until the corn plant has tiisseled out, practically all its energy is 
devoted to growth, that is, to completing its ultimate size. This being 
accomplished, the plant materials assimilated by the plant are used 
in developing the ear, and the products being formed faster than they 
can be thus utilized, the balance is stored largely in the stalk as 
reserve material. 

From the silking stage until full maturity the dry matter or actual 
food material has been shown to increase 50 per cent, that is, to be 
one and one-half times as great in the latter stage as when silking. In 
the later stages of the ripening i)j*oeess the actual assimilation of plant 
food largely ceases, and the plani draws more or less upon its reserve 
supply of material to fully develoi) the ear. In other words, the ear 
develops at the exi^ense of the stover. The stover from fully matured 
corn is therefore liable to be rather inferior in quality to that cut, for 
example, when the ear is in the dough stage. Nevertheless it is not 
advisable to harvest the corn till about one-half of the leaves are dry, 
if climatic conditions allow' and it is desired to secure the largest 
total amount of digestible food material in both grain and stover. 

In the second place, stover from different varieties of corn differs 
somewhat in nutritive value. The stover of the earlier and smaller 
varieties is, other things being equal, to be preferred to that of the 
large, coarse dents. The quality of stover is considerably affected 
by the condition of the w eather during the curing period, as will be 
shown further on. 


CARE OF CORN STOVER. 

To preserve stover in the best condition for feeding, the plant should 
be cut close to the base when about half of the leaves ai’o dry and 
placed in stocks, or shocks, wdth the tops tied together to shed the rain. 
After standing a while to cure, the cars are husked and the stover 
placed back again to complete the drying process. If the grain is 
ripe, the ears can be removed at the time of stooking and husked 
when convenient. When a husking machine is employed, the cured 
stover will of course bo run through the machine and shredded and 
the 6om husked at the same time. Should the weather be fairly dry 
during October, the stover will dry out well. Very w'ct weather will 
retard the drying and cause the stover to decompose more or less in 
the stook. If it is necessary to store it in such condition, it will mold 
still further, with a corresponding shrinkage in feeding value. The 
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stover should be housed, if possible, before stormy weather. Being 
bulky, it will require considerable room. Too close packing prevents 
the further evaporation of Avater. When it is not possible to house 
it, it can be quite Avell preserved in large conical stacks, as is fre- 
quently practiced in the Western States. 

Observations extending over a series of years show that stover, 
even when due care is exercised in its inesorvalion, generally loses 
from 15 to 25 per cent of its feeding value from the time it is cut 
until it is fed. This loss is to be attributed to mold, loss of leaves, 
exposure to bad weather, etc. 

PRACTICAL FEEDIXe OF CORN STOVER- 

The opinions of farmers on tliis i)oint have ditfered widely. Some 
have claimed that stover possesses but little nutritive A-aluo, while 
many others consider it to have about oiie-half the feeding value of 
hay. Its true feeding value depends to a great extent uj>on its meclian- 
i<;al condition, the quantity fed daily, and its proper combination with 
other feeding stutTs. AVlieii stover is fed whol<% the average animal 
eats the loaA^es, husks, and lops, and refuses the stalks. It is only 
necessary to observe the farmer's manure pile to know the value he 
places upon his stover, 'i'o show tlic increased coiisumi)tioa caused 
by cutting corn stoAX*r, the Wisconsin Exi>eriment Station conducted 
three feeding experiments with four milch cows. The cows Avero fed 
a grain ration and in addition all they Avould cat of cut or uncut stover. 
The corn was cut into inch lengths in a feed cutter, Avliich also shred- 
ded the coarse stalks. The first two cxpiu’imonts were conducted with 
Pride of the North stover, a medium deut variety, and the last Avith 
Stowcll Evergreen, planted thickly. It Avas found that cutting saved 
30 per cent of the fodder in the first, 31 i)er cent in the second, and 9 
per cent in the third experiment'. It is probably a conservative state- 
ment that fanners lose fully one-third of tlieir stover by feeding it 
Avholo. 

PREPAKATIOX OF STOA’ER FOR FEEDING. 

Machines arc in use Avhich husk the corn and shred the stover at 
the same time. Many have pronounced them ccoiiomi(‘.al, Avhile some 
luiVG questioned the advantages to be derived from them. Professor 
Nourse, of the Virginia Experiment Station, who has recently ghxn 
one of these machines a practical trial, reports Axry satisfactory results.^ 
He says the “ fodder is either cut by knives or torn into small bits by the 
shredder heads. We Auilue the machine particularly for the improved 
condition in Avhich it lea\"es the fodder.’^ Any machine that will 
thoroughly shred the fodder is preferable to one that simply cuts it. 
Fodder that is shredded immediately on being drawn from the field 
is often so moist as to mold Avhen thrown in largo piles, and proves 
worthless for feeding. The Ncav Jersey Experiment Station has 

^ Virginia Experiment Station Bulletin No. 33. 
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reported serious trouble from tliis course. On the other hand, if the 
fodder is stored for a few mouths previous to shreddiug, the danger is 
largely, if not entirely, avoided. This involves considerable extra 
expense, however, which sometimes renders it of doubtful economy. 
The fact remains that stover can not be shredded in any large quan- 
tity when moist without great danger of its rapidly becoming unfit for 
feeding. Farmers having power cutters of their own can shred at one 
time sufficient for a week’s use without danger of its spoiling. 

niFFERKXT METHODS OP FEEDIXO CORN STOVER. 

Corn stover should not be the only feed given the animals if profit- 
able returns are to bo exi^ected from its use. After the corn plant 
has well ripened it is by no means as palatable as hay, and animals 
very frequently refuse to eat more than enough to satisfy their inimo- 
diato hunger. Again, attention has been called to the fact that it is 
a carbonaceous feed — a heat i)roducer rather than a flesh former — and 
hence of itself an improperly balanced ration. One would expect a 
small milk jdeld if stover was the exclusiv^o feed of dairy cows, for 
reasonable quantities of digestible protein must be supi>licd Avhen a 
large milk flow is desired. When growing animals aro wintered on 
corn stover only, they will do very little more than maintain their 
weight, for growing stock also needs digestible protein to produce 
bone and muscle. 

A considerable number of experiments liavc been made with milch 
cows, comparing cut corn stover as an exclusive coarse feed w ith an 
equal quantity of good hay, the grain rations being the same in both 
cases, and the entire ration being what is termed properly balanced. 
Tlie corn stover rations have produced from three-fourths as much to, 
approximately, the same quantity of milk daily as the hay rations, the 
yield being influenced somewhat by the length of the feeding period 
and the quality of the corn stover. ^Vliile such a method of feeding 
is decidedly superior to feeding the stover exclusively, it can, in the 
writer’s judgment, be improved upon. When milch cows are fed on 
stover as the only coarse fodder, they eat it well for a short time. 
They soon begin to tire of it, how^evor, and within a brief period will 
eat no more than two-thirds as much stover as hay. In the first place, 
the stover lacks the agreeable odor and flavor of the hay, and, second, 
the use of large quantities of cut stover tends to make the animals’ 
mouths sore, causing them to eat less than otherwise. This difficulty 
is far less when the stover is shredded. The writer believes that one 
(and sometimes both) of the above conditions operate to prevent ani- 
mals fed on stover as the only coarse fodder from giving fully as 
large milk yields for long periods as are obtained from a good quality 
of hay. The writer has noticed the same conditions in case of grow- 
ing steers when fed on grain and corn stover. The animals rapidly 
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tired of tho stover, even more quickly than did the cows, making very 
much smaller weekly gains in weight than wlion fed more palatable 
coarse fodder. 

BEST METHODS OF FEKDINO STOVER. 


So far as mechanical condition is concerned, the best results will 
naturally be obtained with the shredded stover. A properly balanced 
ration for milch cows should consist of one-third grain mixture and 
two-thirds coarse fodder; for young stock, one-fourth to one-fifth grain 
mixture and tho balance coarse fodder. The writer’s cxpcrienco has 
indicated that not over one-half of the coarse fodder or one-thii’d of 
the total daily ration should consist of stover. Fed in such (xuanti- 
tics, animals will, as a rule, coii*sume it for a long time, and it will 
give nearly, if not quite, as good results as an equal quantity of good 
hay. In addition to tho stover, coarse fodder should generally consist 
of some kind of hay or silage. The writer prefers to feed animals 
but twice daily, giving about one-half of the grain and coarse fodder 
at ca<*]i feeding. If tho stover is fed at the same time as the silage, 
the flavor of the latter will be imparted to the stover, causing it to be 
eaten clean. Some good feeders moisten the cut stover with water 
and sprinkle the grain ovorit, making what is termed ‘‘chopped feed.” 
Tliis also imparts flavor to the stover, and will frequently induce 
animals to eat more of it with correspondingly satisfactory results. 
Anoth(‘r method for those vlio arc able to x)ractico it is to put tho cut 
stover into a largo covered wocKlen box, moisten with water, and mix 
about 1 i)ound of bran to 4 or 5 pounds of stover, and then turn in 
steam, nie steam softens tho stover and imparts the flavor of tho 
bran to the entire mass. Thus i)rei)arcd, it will keep several days, 
and if convenient a little steam can bo turned in each day. A slight 
fermentation increases its palatability. 

Tlio following rations containing corn stover are suggested for milch 
cows. The amounts stated are per head daily. 


I. 


nations containing corn storer,' 

I III. 


n X>'"^un<ls wheat hran, 
pounds gluten feed. 

3 pounds linseed meal. 
0 i^ounds corn stover. 

9 i^ounds hay. 


3 pounds Atlas meal.* 

3 pounds corn meal, 

3 pounds wheat hran. 

8 pounds corn stover. 

10 pounds hay of X)eas and oats. 


U. 


IV. 


G pounds wheat hran. 
3 pounds gluten meal. 
30 pounds silage. 

8 pounds corn stover. 


‘1 poaiids dried brewer's grains. 
3 pounds cotton-seed meal. 
20-30 pounds stc>ver-l)ran mash. 

6 x>ounds hay. 


* In case of fattening animals, corn meal, oatmeal, or hominy meal should bo 
substituted for a considerable X)ortion of tlie nitrogenous grains. 

* A dried distillery feed. 
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Ratione containing com 8<o»er— Contiimod. 

V, 

4 pounds wheat bran. 7 pounds cotton-seed feed. 

2 pounds linseed meal. 15 poimds silage. 

8 pounds corn meal. 7 pounds corn stover. 

The above rations are not to be followed blindly, the judgment 
of a practical feeder being always necessary to the greatest success. 
The grain rations can be used with any of the coarse-fodder rations. 
Not quite so much grain need be given if 25 to 30 pounds of the 
stover-bran mash is fed; 6 or 7 pounds would then be sufficient. 

PERTILIZINO OONSTITCENTS OP CORN STOVER. 

The manurial value of corn stover should by no means be lost 
sight of. Two tons of cured stover — a good yield per acre — will con- 
tain, in round numbers, about 32 pounds of nitrogen, 10 pounds of 
phosphoric acid , and 50 pounds of potash. These materials ought to bo 
returned to the soil to keep up its fertility, and passing them through 
the animal is the cheapest and quickest process of rendering them 
available as sources of jilant food. 

CONCLUSIONS. 

1. Both chemical analj’sis and digestion experiments show that (‘oni 
stover contains fully as many pounds of actual food niaterials as 
equal quantities of the best grades of hay. 

2. The blades, husks, and stalks are all valuable for food; heuce 
the entire plant should bo cut when the corn is rix)e, carefully cured, 
and housed. 

3. One-third to one-half of the stover is very often wasted by 
improper methods of treatment and feeding. 

4. In order that it bo eaten clean, corn stover should bo cut line or 
shredded before being fed. 

5. Stover very frequently lacks in flavor and is a one-sided or car- 
bonaceous feed; hence it should not bo fed alone. 

C. Only about one-half of the total coarse fodder of the ration 
should consist of stover. It should also be fed in combination with 
by-products rich in protein. 

7. The palatabilitj’^ of stover can be improved by moistening with 
water and sprinkling with bran. Steaming very much improves the 
mixture. 



AGiRICULTUEAI EDUCATION AND RESEARCH IN 

BELGIUM. 


By A. C. True, Pb. D., 

Director of the Office of Ejepcrirnent Staiioiu, U, S. Department of Agriculture, 

Belgium has one of the most complete systems of agricultural edu- 
cation and research in existence to-day. This has l>een largely devel- 
oi)ed during the past five or six years. The growth of population, the 
requirements of intensive farming, and the increasing pressure of for- 
eign competition have profoundly afPected the farmer of the Old World. 
Both people and Government were slow to realize the significance of 
the changes taking place in agricultural conditions, but now that they 
are awake to the necessities of the case, tlioy are laboring sti*enuously 
to give the farmer information and training which will enable him to 
overcome the difficulties of his environment and to com])ole at least 
on equal terms of knowledge', and skill with his rivals in other lands. 

FATllOPEAN VERSUS AMERICAN METHOD OF PROMOTING EDUCATION. 

It is well that the people of the United States should realize what 
active efforts are being made in the continental countries of Europe 
to give the rising generation sound and thorough technical education 
in agriculture and other arts. Under the political sj’stem there pre- 
vailing the CTOvernment takes the initiative in such matters. When 
once aroused to the importance of such a thing as technical education 
in agriculture, it is very likely to proceed with great energy to estab- 
lish and enforce a complete system as far as this is practicable. It 
does not have to wait to convince a majority of the peoide that this is 
the best thing to do. It looks for its support to the leaders of science 
and industry and recognizes its duty to bring the people to see that 
what it attempts in this line is really intended for their good. 

In this country, on the other hand, broadly sj)eaking, systems of 
public education and scientific ctfort depend on the will of the people 
expressed through their representatives in local and national legisla- 
tures or boards. While here and there iirivate munificence or even 
advanced public spirit may organize institutions for general or siiecial 
education, these are not likely to affect the people generally until 
they are themselves convinced that it will be a good thing to have 
such institutions for their children. In the long run our plan may 
produce the best results because our educational institutions are 
founded on the intelligent choice of the people and have their sympa- 
thetic support. It involves, however, a period of agitation, during 

361 



362 YEAEBOOK OF THE U. S. DEPARTMENT OP AORICULTURE, 

which the merits of any particular system must bo submitted to more 
or less critical examination. Prejudice and conservatism must be 
broken down and the advantages of the new scheme be made suffi- 
ciently plain to induce the taxpayers to give their consent to the 
financial burden involved in carrying it out. This process may be a 
rolativelj^ long one and in the meantime other countries with a more 
paternal Government may temi>orarily get ahead of us in this particu- 
lar. Something like this has liappcned with respect to education and 
research, especially in tlie arts and industries. Thirty or forty years 
ago our people had made such relatively rapid progress in establishing 
systems of free public instruction that they received the congratula- 
tions of mankind on this account. The belief that we had the Ix^st 
educational system in the wY)rld became firmlj^ fixed in the public 
mind, and we have thus far remained in too great conlentjueiit with 
our lot in this matter. We have thus been blinded to a certain ex- 
tent to the fact that while we have gone on strengthening and improv- 
ing our oducaiioual system, European countries have made herculean 
efforts to outstrii) each other in educating tlieir people and have in 
many i)ariiculars elaborated more near!}" perfect systems than our owm. 
Tlie limits and scope of this article will only permit the calling atten- 
tion to the broad and fundamental facts which must be taken into 
account if wo are to make a just comi)aiis()u of Kuropeaii with 
Ameiican educational systenis. 

In approaching the study of Belgian institutions for education ami 
research in agriculture it is w^ell to bear in mind, first, that the rapid 
progress made in developing such institutions in that country in recent 
years has been largely due to the energy displayed by the Government 
in this work, and, second, that concentration by the Government on 
this problem has enabled It to perfect the system beyond what lias 
been attempted in this count rj". 

GENERAL. CHARACTERISTICS OF BELGIAN AGRICULTURE. 

Belgium, we should remember, is the most densely i)opulaiod coun- 
try in Europe. Within an area smaller than that of Massachusetts 
and Connecticut is crow*ded a population as largo as that of the State 
of New York. Of the total area of 7,275,000 acres, less than 000,000 
acres are waste land. The subdivision of estates has progressed so 
far that many of the so-called farms are mere garden imtches of from 
1 to 2 acres. As in other countries of Europe, the people live in vil- 
lages, from wdiich they go out to their daily toil on the farms. The 
smallness of the farms makes it necessary, in many cases, for the 
family to engage in other industries along with farming. The famous 
laces of Belgium are largely made by women and cliildren in the time 
when they are not engaged in agriculture. Here, as elsewhere in 
Europe, women and girls perform a large amount of labor in the fields. 
Agricultural machinery is little used. The soil is thoroughly tilled hy 
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hand. Every available foot of ground is worked, rotation is practiced 
to maintain fertility and to increase the number of crops grown on 
the same land in a given time, and weeds are carefully kept out. 
Under the pressure of foreign competition, staple crops of grain are 
being crowded out. Much attention is given to horticulture, truck 
farming, seed raising, and dairying. Flax culture is an iiui)ortant 
industry. 

GENERAL ORGANIZATION OF AGRICULTURAL ELIKLATION. 

While some institutions for agricultural education and research had 
existed in Belgium for many years, it was not until 1884 that the 
Government seriously undertook the task of providing a thorough 
system of agricultural education. At that time a ministry of agri- 
culture was created “which at once undertook to restore the iiros- 
perity of the country by organizing, for the instruction of the farmers 
in the advanced knowledge given by science, a system of education 
as oomploto and thorough as that afforded by any other nation.” 
Aftiu’ a careful study of the s^^stems of agricultural education exist- 
ing in other countries as related to the conditions and needs of 
Belgian agriculture, two laws were enacted April 4, 1890, which took 
the place of all previous legislation on this subject and permitted the 
establishment of the eomidcte sj'stcm of education nbw in operation. 
This system provides for primary, secondary, and superior schools or 
courses of agriculture. Primary" agricultural courses for adult farm- 
ers arc conducted under the direction of the ministry of agriculture, 
while courses of a similar grade for teachers and children are super- 
vised by the ministry of public instruction. The secondary and 
superior schools of agriculture, as well as other agencies for promoting 
agricultural education and research, are directed by the ministry of 
agriculture. 

TUB illUHEB INSTITUTIONS FOR EDUCATION AND RESEARCH. 

Scicuitifie and technical training in agriculture is supplied by the 
Agricultural lustituto of Gombloux and the School of Veterinary 
Medicine of Cureghera, Brussels, which arc supported by the Govern- 
ment, and also by the Agricultural Institute of the University of 
Louvain. This last-named institute is organized as a branch of the 
scientific faculty of the university and jirovidcs instruction of the 
regular university grade. It ikisscsscs no farm and does not attempt 
to give instruction in the practice of agriculture. It is expected, 
however, that the students will acquire practical knowledge of farm 
operations before they are given a degree, and the practical application 
of the principles and theories taught in the laboratory and lecture 
room is enforced by numerous and varied excursions to different 
localities. 
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Tlio School of Veterinary Medieino of Cureghem, in the vicinity of 
Brussels, is an institution of high grade. To secure admission to the 
course which leads to a degree in veterinary medicine, the student 
must first obtain the same university diploma which is required for 
admission to courses in human medicine. Special facilities are pro- 
vided for the study of bacteriology and opportunities for clinics and 
other practical oxereises are afforded in connection with a slaughter- 
house and cattle market. 

The oldest and most iini)ortant of the Belgian institutions for 
higher education in agriculture is the Agricultural Institute of 
Gernbloux. This was founded in 18G0 and occupies the buildings and 
farm of an ancient abbej^ It is in the midst of a rich agricultural 
region and only about 25 miles south of the great city of Brussels. 
The institution is thoroughly organized with a largo and competent 
staff of professors and other teachers, and possesses ample laboratory 
equipment and relatively largo collections of natural-history speci- 
mens and other illustrative materials, as well as a good working 
library and reading room. A farm of about IGO acres with fields and 
gardens for exi)eriment and dejiionst ration serves for illustration and 
practice in agriculture, horticulture, and forestry, while neighboring 
sugar factories, distilleries, and breweries afford opiiortunitics for the 
study of agricultural technology in lines deemed of great importance 
in European countries. The students lodge and board at the institu- 
tion. The courses of instruction are given in the French language 
and require three years for their completion. Candidates for admis- 
sion must bo 17 years old and are required to i)ass oral and written 
examinations in the French language, aritlimetic, algebra, geometry, 
trigonometry, general and Belgian history, geograpliy, and elementary 
physics. The course of study in the institute includes algebra, geom- 
eivy, trigonometry, surveying, mechanics, liydraulics, agricultural 
engineering, phj^sics, meteorology, chemistry (inorganic, organic, and 
analytical), agricultural technology, botany (including physiology and 
pathology of plants), bacteriology, zoology, eiitoinolog.y, mineralogy, 
geology, agriculture, horticulture, forestry, zootechny (i. c., anatomy, 
jdiysiology, hygiene, feeding, breeding, and improvement of domestic 
animals), agricultural and forestry law, constitutional law, agricul- 
tural bookkeeping, x^olitical economy, rural (*conomy, and microscopic 
analysis (with special reference to adulterations). 

Hero, as elsowhero in the Euroi^can institutions for higher educa- 
tion in agricult\ire, more and more stress is being laid on thorough 
scientific training. The student is expected to bo familiar with farm 
practice before he comes to the institute or to acquire this familiarity 
during vacation or in some other way before passing his final exami- 
nations for a degree. Experience seems to have demonstrated that 
in such institutions the farm and garden can be best utilized for 
purpos(5s of illustration or as an iigricultural laboratory. Trained 
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brains, ratber than simply skilled hands, are required for the perform- 
ance of the higher services demanded by agricultural science and 
practice to-day. The institute at Gembloux is not regarded as a 
school for teaching the operations of the farm; it is rather the train- 
ing place for tho future leaders in agricultural progress in Belgium. 
While tho candidates for a degree are required to pursue a set course 
and submit to rigid examinations, students v ho desire to pursue spe- 
cial courses are admitted on liberal terms without examination. This 
is in accordance with the policy generally pursued at tho institutions 
for higher education in Europe. There are thousands of students 
attending lectures at the universities in dilTerent European countries 
who have no expectation of taking a degree. It is believed that this 
freedom of admission to higher courses, on tho whole, contributes to 
raise the general level of intelligence in tho community and gives 
very many persons an opportunity to secure useful knowledge on spe- 
cial subjects which they would otherwise be depriv cd of. Of course, 
a considerable number of these special students abuse their privi- 
leges. Idlers and profligates are found wherever young men congre- 
gate. Nevertheless, this feature of tho Euroxieau educational system 
deserves more consideration than it has hitherto received from tho 
colleges and universities in this country. In too many of our insti- 
tutions the college grade of instruction is kept too low, with a view' 
to getting more students in the regular college classes. We need to 
bring tho requirements for degrees to a greater uniformity, without 
excluding from our colleges those students w^ho miglit profit from spe- 
cial or partial courses. 


THE SECONDARY SCHOOLS. 

Having provided, as w o liave seen, for thorough training in the 
higher lines of agricultural education and having thus secured a con- 
siderable number of men filled to bo investigators and teachers of 
agricultural science and practice, tho Government of Belgium has 
devoted itself to the maintenance of scliools and courses of agricul- 
ture of a distinctly lower grade than those previously mentioned. 

Three of the secondary schools are regularly organized under tho 
general laws governing agricultural education, Tho school at Iluy is 
devoted entirely to agriculture, while those at Ghent and Vilvorde 
give instruction in both agriculture and horticulture. Tho school at 
Ghent is tho oldest of those institutions, having been founded in 1855. 
It has extensive buildings and grounds, and is thoroughly equipped 
with facilities for theoretical and practical instruction. Candidates 
for admission must ordinarily be at least 16 years old, and pass an 
examination in tho French or Flemish language, national history, 
geography, and arithmetic. They must also give satisfactory proof 
that they are physically able to regularly carry on the practical work 
required in connection with llieir studies. The regular course occupies 
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three years, and includes instruction in the French, Flemish, Oerman, 
and English languages, arithmetic, bookkeeping, geometry, geography, 
botany, elementary physics and chemistry, drawing, agricultural engi- 
neering, animal physiology and production , and the theory and practice 
of agriculture and horticulture. Especial attention is given to floricul- 
ture, which is a very important industry in Ghent, as well as elsewhere 
in Belgium. The minister of agriculture may admit pupils who desire 
to pursue special coui'ses. These students are not required to take 
an entrance examination, and they may be relieved of practical work. 
For students in the regular course tuition is free, and some financial 
assistance is given to especially meritorious students who need it. 
In schools of this grade the effort is made to train young men for the 
practical pursuit of agriculture or horticulture on a relatively large 
scale. It is expected that they will become managers of estates or 
foremen in horticultural establishments. 

Secondary instruction in agriculture and horticulture is also pro- 
vided for in a number of private schools which are organized with ref- 
erence to instruction in these lines in return for small subsidies. “As 
these schools are of different kinds, the Government has arranged 
three different courses of instruction from which a choice can be made 
according to the requircmeiils of the individual school. These courses 
resemble the typical courses of the State schools of practical agricul- 
ture, but as the system of indoor discipline in most private schools 
does not permit sufficient time to be given to the practice of agricul- 
ture, the Government contents itself with requiring appropriate theo- 
retical instruction.” It is, however, insisted that object teaching 
and laboratory iiractico sliall bo made prominent in the courses in 
agricultnro in these schools. Twenty of tliese private schools of agri- 
culture are now^ in operation in Belgium and are so located as to 
meet the needs of the different agricultural regions. 

Provision is also made by the Government for short courses in 
agriculture in public and private secoudaiy schools for general edu- 
cation. These courses consist of at least one lesson a week during 
the school year, which must bo given in accordance with the plan laid 
down by the Government. Thirty schools in Belgium are at present 
giving such courses. This plan has the advantage of providing at 
least an outline of the theoiy and practice of agriculture at small 
expense to a considerable .number of students who are at the same 
time acquiring an ordinary high-school education. Such a course 
awakens their interest in the more scientific and advanced ideas 
regarding agriculture and prepares them to read with intelligence 
the reports of agricultural investigations. It also tends to make them 
more contented with rural life. It is believed that some such plan 
might easily be adopted in the rural high schools in many places in the 
United States. 

Quito .recently the Government has perceived “that it is important 
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for the agricultural prosperity of the country to train competent farm 
women as well as farm inen.*^ This would seem to he especially true 
in European countries where women perform numerous duties on the 
farm which in the United States are usually performed by men. A 
school for the theoretical and practical instruction of young women 
in agriculture, including dairying, kitchen gardening, domestic econ- 
omy, etc,, has been established in each of the provinces of Belgium. 

LECTURE COURSES FOR ADULT I’ARMKRS. 

To meet the needs of adult farmers who can not attend schools, 
numerous lecture courses on agricultural topics have been organized. 
Each year some 250 courses of 15 lectures each on questions of general 
interest to fanners are gi\'eu in the different rural districts of Belgium 
by graduates of the higher agricultural schools or other persons who 
are thoroughly competent for this kind of work. In an article on 
agi icultural education in Belgium published in 1893, M. De Vuyst, 
an officer of the Belgian (loverniuent whose duty it w^as to supervise 
th(\se courses, thus writes regarding them: 

To secure i>raotico in this cxcccdinprly difficult kind of teaching, the persons 
to give theHC3 courses meet together twice a year in each district. At these meet- 
ings one of their nnuibcr i>ros(nits a lecture and the others discuss it. The 

best lessons in the different courses are iirinted and distributed. At these meet- 
ings the improvements which arc most urgently needed by the farmers of the 
region ai‘o also studied. 

This method of organized courses of instruction in agriculture for adults is, we 
believe, iieculiar to Belgium. The results which it has produced during four years 
ai’O quite important. There are in the Kingdom about 2,500 rural communes. 
Within a few years no locality will have reason to complain that it has not enjoyed 
the advantages of this institution. The courses are attended each yeax by more 
than 10,000 farmers. The expense of conducting them amounts to only abont $1 
per hearer. 

B(‘sides these general courses in agriculture, special courses in 
orchard management, market gardening, dairying, animal husbandry, 
horseshoeing, apiculture, etc., are also given, aud farmers’ meetings 
of one or two days’ duration, corresi)onding somewhat to our farmers’ 
institutes, are held in difierent places under the supervision of Gov- 
ernment officials. In each of the provinces there is a State agricul- 
turist and an assistant agriculturist, whose business it is to hold 
farmers’ meetings, deli\'cr lectures, establish fields of demonstration 
in which the results of agricultural investigations may bo shown on a 
practical scale, aid the agricultural societies in their work, collect 
agricultural statistics, and prepare reports on the agricultural condi- 
tion of the country. 

imiMARY EDJJOATION. 

Thus far we have described the systonr of agricultural education 
organized under the ministry of agriculture, but the attemi)t is also 
being made in Belgium to teach the elements of agricultural theory 



968 TEABBOOK OB TME U. S« BBBABTMEBT OB AOBlOIEiT^BtL 

and practice in the primary schools. This work is under the direc- 
tion of the minister of public instruction. To provide competent 
teachers for this purpose, the course of study in the normal schools 
has been reorganized so as to give regular attention to agriculture, and 
in order that the teachers already in the primary schools may be 
fitted to conduct the newly established courses of agriculture, special 
normal courses on this subject are provided during the vacation sea- 
son. Agricultural instruction in the primary schools consists of two 
lessons a week which are given in accordance with the plan outlined 
by the Government. Financial or other encouragement is given to 
those teachers who excel in such instruction. It is clearly recognized 
that the success of this scheme depends almost wholly on theenthusi- 
<asm and elBciency of the teachers. Thus far there has been consid- 
erable difficulty in securing teachers having the riglit ociuii)ment of 
knowledge and teaching ability for this kind of work. For this 
reason the success of these primary courses of agricultural instruc- 
tion has been quite varied in different places, and the matter can 
hardly bo said to have passed beyond the experimental stage. 

During the past summer the writer visited a primaiy school in 
Belgium which is fortunate in possessing a well-equipped teacher 
thorouglil}^ interested in agricultural instruction. This school is 
located at a small village in one of the most populous districts of 
Belgium. At the lime of tli (5 visit the Icmchcr gave a lesson on tlio 
properties and uses of milk to a class of boys and girls about 12 years 
old. Samides of milk and cream, together witli other illustrative 
material relating to the composition and uses of milk, Averc brought 
into the presence of the i)upils, and by means of simple chemical 
experiments and skillful questioning, the teacher gave to the pupils 
a simple but clear explanation of such matters relalingto the proi)er- 
ties and uses of milk as they could reasonably be exi^ected to under- 
stand at that early age. The summing up of the lesson by different 
members of the class showed that they liad been Avell taught, and 
there is no doubt that from that time forth the horizon of thoir 
knowledge regarding milk will be considerably Avider than if the lesson 
had not been gi\^en. The teacher of this class Avas a man, as it is not 
customary to emidoy Avomen as teacliers in the i)ublic schools in 
Belgium. lie had cAddently made good use of the A^cry limited means 
at his disposal for providing illustratiA'o material for liis classes. The 
walls of the schoolroom Avero hung with charts, on many of which 
were pictures of agricultural implements, different varieties of idants, 
etc., which had been cut from advcrti.sing imsters. Adjoining the 
school was a small garden in which a considerable number of differ- 
ent kinds of plants were groAvii and different methods of culture were 
tried for the information of the pupils. Close by were the rooms of 
the agricultural society of the village, which contained collectioBB 
of seeds, grains, etc., as Avell as charts giving tlie ooiaii>ositionL of 
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fertilizers, resuji^ of experiments, and other things which would be of 
interest in connection with the discussions of tlu^ society, and which 
were doubtless available for use in the school. The teacher of the 
school acted as secretary of the society, aiding tlic farmers in the 
purchase of fertilizers and in other ways. Rooms were being fitted 
up for a eooi^erattVe dairy for the Ixmefit of the villagers, which was 
to be supplied with tlie most improv<*d ap[)lianees for the creamery 
business. It seems quite clear that children trained in a school under 
such circumstances would have a much broader outlook regarding 
agricultural affairs and be iiiii<‘h more inelin<*d to avail themselves of 
the results of advain^ed experience and experimentation in agricul- 
ture than their fathers ]ia<i been. 

ACUilC^r LTI KA \. S( )( lETlES. 

The agricnlt Ural societies, towhi<‘h ndercnci* hasalready been made, 
are also to a considerable exteni under the <li relation of the (iovern- 
ment. Numerous local soci<‘ties are oriraniz(‘d, and these are confed- 
erated in each ])rovinee through the provincial society, whose affairs 
are managed by a r(?preseutativ<^ assembly of (hdegat(‘s (*hoscn by the 
local societies. These so(*i<M i<‘s act as intei*inediari(\s between the (tov- 
ernmentand the farmers in disstnninati ng infonnalion rcgardingagri- 
cultural progress and in In^Iping to carry out any incasiires which may 
hav^e l>een devised for improving the eondil ion of tln^ agriimltural 
[K)pulatiou. The socnUii^s nM*eive subsi(lit‘s from th(» ( tovornment., 
which enable them to <*on(luct fairs, hold fanners’ meetings, establish 
experimental fields, etc*, 

KXl’KKIMENT STATION AT (JEMHl.orX. 

Agricultural rc\scnircli is(lir(‘ctl\ pronioU‘d in lUdgiuin by the experi- 
ment station at Cieinblonx. This is \\ell manned ami ecpiippod for 
research in the cdiemistry and jihysiology of plants and animals and 
in meteoi*ology. 'fhorough and s<*ientili<* work isdoneat (his station. 
Analyses of foods and fecMling stuffs, fcwtilizers, and othen- agricultural 
materials and (ho tevsting of sc^eds arc* (‘arricHl on in laboratories 
organized for this purpose* in sc*ven different, localities. 

Reports of the investigations conducted at. (lembloux and elsewhere 
in Belgium as well as information regarding the different inst itutions 
for agricultural education are given in a periodical bulletin published 
by the ministry of agriculture. 

COMPARATIVE VIEW' OK ACiKU'CLTl RAL EDCCWTION IN THE UNITED 

STATES. 

To gain a just idea of the comprehensiveness and thoronghnoss of 
the Belgian organization foi* agricultural edu(*atiou and resc*arch, the 
i*eader would do well to compare it with the system ])revailing in his 
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own locality. In the United States we hava||ip|^ provided agri- 
cultural colleges, experiment stations, and fi*****’*^ For 

the general information of the farmer regarding^O of agri- 

cultural investigations and improved methods oltfpdieyiltiiire we TOly 
very largely on the publications of the experiTRMptf'atfttions, the De- 
partment of Agriculture, State Imards of agricaltnre, And Ijie agrictil- 
tural press. Regular primary iu.struetion in aglieiiltnre is entirely 
lacking, and there is at present only one regultudyoiganized seoondaiy 
sch(M)l of agri(‘ulture (in Minnesota), though ttte regular or short 
courses in agriculture in a number of our coiiogos are really if not 
nominally of the secondary grade. In view of the strenuous efforts 
which Euroj)ean eountiies are making to give segular instruction in 
agriculture to large numbers of their rural population, it is well that 
our farmers should serioiisly consider their needs in this direction and 
the best ways in which these needs may 1 k‘ supplied. It is certain that 
the colleges of agrieultur** iie<‘d to b(' strengthened an<i developed in 
order that the leadiu-s in agricultural <>d neat ion, research, and progrt^ss 
in this country may he as thoroughl.\ trained as tl»ey are in the Old 
World. The grade of instruction in these colleges needs to be raised 
rather than lowered, and it is not to he e-Ypeeted tliat these institutions 
will send back tothe farms any eoiisiderable body of practical farmers. 
Their graduates will for the most part bo needed as teachers, investi- 
gators, editors, officials, and inanagera of t.ho8e agricultural industries 
in whicti scientific attaiiiuumts are indispensable to success. If any 
considerable nuinbei' of the farmera of the coming generations are to 
have detinite instruction in agriculture, it must be in schools and 
courses specially devis(‘<l to mo<‘1 the needs of those who for any rea- 
son are unable to take the long and expensive college course. This 
article will have served its purj)ose if it eontrilnites in any measure to 
au intelligent examination of the problcmis involved in proYdding a 
suitable system of agricultural education in this country. 



mtwm CULTURE IN THE UNITED STATES. 


By Newton B. Pierce, 

AMorntmU Utviftion of Vegetable Physiology and Pathology. U. S. PejHirtment of 

Agricvlture. 

THE OLIVE UEcnoN OF THE l-NITEI) STATES. 

The true North American olive belt — the region cspeeially adapted 
to the growth and production of Ihis fruit — iindudes a portion of 
Mexico proper, all of Lower ('alifornia, and much of the State of Oali- 
fornia, exclusive of the inountain tops. Tliere is another large sec- 
tion of the United States where the olive will grow, but which is not 
specially miapted to its extensive and successful cultivation. This 
region includes parts of Arizona, Texas, Louisiana, Mississippi, Ala- 
bama, Florida, (Tcorgia, South ( 'Urolina, and piobably also small por- 
tions of southwestern Utah and southwestern Nevada. The region 
particularly adapted to olive <‘ulture is, as already iudic^ated, on the 
Pacufie Sloi>e, and this constit utes one of tlu' largest and finest olive 
areas in the world. 

The olive belt included within Ualifornia is from f»()b to 700 miles 
long and varies in width from »1(> to 120 miles or more. If this belt 
were cut down to a width of 2tl miles, which is greatly below its real 
average, and to a huigth of 5(M) miles, it would reiiresent an area of 
6,400,0(X) acres, or more than twi<»e the area, according to official 
returns, of the laud now set to olives in Spain, the most extemsive 
olive-growing country in the world. This area adapted to olives within 
a single State embrai^es southei n ( Alifornia and tlie region west of the 
Sierra Nevadas as far north as tlie upper portion of the Sacramento 
Valley and along the coast valleys and coast ranges to some distance 
north of San Fraiuusco. 

raBIFT AND LONt.EVlTY OF THE OLIVE IN i’ALlFORNlA. 

The longevity of t lu' olive in the ( )ld World is jwoverbial. The olive 
tree also grows remarkably well on the Pacific Cbast, and it is iKdieved 
that in that part of tlie United States tlie conditions are well adapted 
to its continued wants. The experience of the Mission Fathers cer- 
lalitly leads to this conclusion. The olive was iiitrodiu*ed at the San 
Btego Mission from Lower California soon after and between 
that date and 1823 it was planted in most of, if not all, the twenty- 
one missions of the coast. So far as known, the largest* i^arly plantings 
made at San Diego and San Fernando, although some of the 
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oldest trees are to be found at Capistrano. It is sta^d that 500 tvem 
were planted at San Fernando about the year 180(||^4 ,at ptasexit 
about 450 of them are in a fairly thrifty condition. ;|^^bsably li<me 
of the California trees have reached a diameter of /j^ore than 2 
feet, a fact which emphasizes the great age of the mo|p||^live i?66S 
of the Mediterranean region. 

PRESENT A ("REAGE. 

The acreage of olives on the Pacilic, ('oast can »ot be accurately 
given, but it runs well uj) among the thousands. Sope idea may be 
had of the growth of this industry from th(" fact that in 1894 over 
400,000 oliv(‘ trees wei*e sold f(»r planting from the nurseries of 
Pomona, Cal., alone, while the shipments and oi’dors for the first half 
of 1895 amounted to 500, ooo tTeps. In .Imre of the yeartiamed it was 
estimated that ()00,000 olive tiws would l)<‘ planted in California in 
1895. If this number of tiws wei*e s(‘t as (dose- as feet, they would 
then repi'esent an increase of olive (uilture to the oxtiOnt of over 9,000 
acres in two yeai‘s. 

THE OTTLOOK. 

Olive culture has ever Ix^eu among the foremost brambles of horti- 
cultui'e ill the portions of the Old World suited in elimato to the 
gi'owth of tin* tr(‘o. 8|)Hin alom^ has an olive a<*ioage nearly as great 
as the area of the State of CoinuMdicut and mon* than twkm the area 
of Delaware, although that (*ountry is but oin^-tifleenth the size of 
the TTnited States, 

Some idea of the possible immetarv value of olive growing to the 
United States may be drawn from the (‘xtent and value of the Indus* 
try in other countries. From tiu^ lat(^st. and most- conservative and 
o11i(5ial data it is estimated that, the value to the Fnited States of a 
yield of olive oil equaling in amount tho annual yield of Spain, if sold 
at prices brought by tJu*. Fionoh product, would b(‘ $H0,(KK^iJ(>0 j^er 
annum. So far as climate, soil, and ability t,o manufacture the prod- 
ucts are coneer'iied, there is nothing to prevent oiii* attaining this 
magnificent result. 

Th(* amount of olive products that will eventually be coneumed by 
tJie United States will be very large, as in most of its formis the olive 
givers a very healthful and nourishing food. The oil of the olive is 
the finest obtainable, both for t-able and for' kitchen use, while a 
pickle and food for daily consumirtion the olive ex<rels all other plants, 
especially when the fruit is allowed to mature and fill with oil before 
being preserved. Americans are naturally fond of pickles of all kindSf 
and the taste for the ripe olive pi<?klc when onc(? acquii’ed leads toJte 
constant use when the supjrly and the price an* within the reaeb of 
the consumer. Good evidence of this is seen in the fact that fejv 
olives are at present shipired from the olive-growing sections of ttkO 
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Pacific as they are mostly consumed where produced. The 

demonstrates this. The estimated annual 
yield of ^(iir© oil in Spain is 78,027,136 gallons. Of this large quantity 
it is said that only about 10,000,000 gallons are exported, the remain- 
der consumed at home by a population which is only one-third 

that of ^e United States. Extensive use is also made of olive oil in 
pharmacy, in the manufacture of soaps, and for preserving sardines. 
Such facts show why the olive and its products have been so highly 
appreciated for Ihousands of years in olive-growing countries. 

NEEDS OF OITK OLIVE INDUSTRY. 

A careful revicAv of the olive industry of tlie United States will 
sliow that it Ciin (easily ])e placed in a <*onditi()n to <uiable it to assume 
In a few years a prominent and even a foremost position among the 
horticultural interests of tln^ country. The one gi*cat need to-day is 
legislative action which will {mev^ent the sale within the United States 
of other oils under tlie name of olive oil. TMace the industry upon 
this equitable and necessary footing, and tlie growers of the olive in 
this country will rapidly gain control of the American market and the 
industry will assume its rightful ainl leading position. This i*esult 
must almost necessarily follow from the fact that the production of 
pure olive oil in Kuro])e is scarcely sufticient to supply European d(‘- 
mand. If the pro(lu<*(‘rs could not, as at pr(^sent, sell us peanut oil 
and cotton-seed oil un<h‘r tlie name of olive* oil and chargi* for it olive- 
oil prices, American dealers would have to supply the d(*inands of con- 
sumers with the jnirc American product, ])rovid(*d, of course, the law 
had universal application. If (»otton-sced oil were desired by the })eo- 
ple, it could then he had at its true valiu*, being sold under its own 
name by the Aincri<*an tirins producing it, whereas now it is shipped 
to Europe bj’ thes(* tirms, rc'shipped to this country as the jiroduct of 
the olive, and foisted upon the Anieri<*an public as '‘[>ure olive oil." 
Many who pay for olive oil and suppose they are using it liav e per- 
haps never tasted the pure article, 'fliis statement, wliicli may at 
first seem exaggei*at<M|, is undoubtedly true in very many cases, and 
should stimulate the consumer to procure the Ualifornia product that 
he may bo assurtnl of its purity, the Ualifornia laws being very strict 
in the matter of oil adulteration. To secure the lu^st the brand of 
some well-known grower should be selected. 

METHODS OF PROPA(JATIN(i THE OLIVE. 

The olive is propagat^nl in many ways. Its production from the 
pit is not yet common in t he United States, though vsevcral growers in 
CaKfomia have started large nunibem of seedling trees. It is some- 
what difficult to germinate olive pits, and the seedling plants do not 
come true to name. A seedling olive, like a seedling peacdi, is usually 
enitnAile only as a stock upon which to graft. As the finer varieties 
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of olives become more extensively grown it is probaMe#ll|i^^^;^^ 

them upon wild roots will be found advantageous 

general. In Europe many of the finer varieties are so growii. 

The habit of the olive to vary from the parent plant w!hali fItWii 
from the seed is valuable and admits of tlie selection of deiitabl^ 
qualities. The great economic value of some of the seedlings pro- 
duced in California, as those of the pea(‘h, almond, walnut, ete.^ Alibl®18( 
that it is advisable to select and bring to fruitage those seedling olives 
which give the best prospects of value tlirougli the characters of "flie 
foliage and the habit of gi-owtli. 

When it is desired to grow olive seedlings, tlie oil of the pits should 
first be removed bj" soaking them for a f<nv hours in weak lye oreome 
other weak alkaline solution. After i>assing tlirougli this prepara- 
tory'^ treatment, the pits may be stratified in sand and afterwards 
planted, much in the same way as grapi' s(*ed is treat>ed by many 
growers. 

A new and important method of jiropagatJug the olive, which has 
been considerably developed in (California within the i>ast decade, is 
rooting small cuttings in sand in a hothouse. This system was first 
tried, as the writer is informed, about 1884 at the Uerkeley Experiment 
Station. Some varieties are more easily rooted than others. The 
time to plant the little cuttings in the hothouse is during the late 
autumn and winter. From three to eight months are reiiuired to root 
them, according to the [irevailing eoiiditioiis of temperature and 
moisture and the variety which is being rooted. A little bottom heat 
is required while rooting most varieties, but some of the more easily 
rooted ones may lie started under glass wiilioiil heat, or even in a cold 
frame or lath hou8(3. Well-matured twigs, of about the diameter of 
a match and about ‘i inches long, are selected foi- this purjiosc. These 
are stuck into the sand about oiuvhalf tlieir length and all leaves 
removed except the uppermost two. 

Much care is necessary in tlie maiiagement of Ui(‘se (oittings. One 
propagator wTites: “ Notliing is better <*alculate<l to take the conceit 
out of a nurseryman than the result of his first attempt to root olive 
cuttings under glass.”. I'he rooted cuttings may be planted out in 
nursery rows during the spring, summer, or autumn. By this me^od 
well-rooted and vigorous trees are jirodueod, some of w^hich Jiave 
yielded fruit four years from the time the little twigs were planted in 
the sand. 

Among the more easily rooted varieties are Mission, Nevadillo, 
Bianco, Oblonga, Manzanillo, and Redding Picholine. The last- 
mentioned variety is rooted extensively in cold frames. In fact, 
millions of olive twigs are now n>oted annually by this process, |lij|d 
so largely has it superseded other methods that probably three-foni^s 
of all the olive trees propagated each year in the United States '4^ 
now rooted by this system. 
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A of propagation is by means of stools (fig. 90). This 

syib^ adapted to those varieties which most readily produce 
a Wjga utimiier of long and rapidly growing shoots when cut back. 
T3i##toeks designed for this purpose are set in rows 4 by 8 feet, and 
are cot back so as to induce them to send up numerous slioots from 
the ground level. When these sprouts are sufficientl>^ long, they are 
separated and one-half of them turned down ea<*h way toward the 
adjoining stools of the same row, where they are bent and pinned 
down into transverse trenches which have been [)revi(»usly dug on 
either side of the slool to receive them. Before being pinned in 
these trenchers the under side of each of these shoots is so cut as to 
cause quite a portion of the shoot to spring away from the main 
attached jmrt when the shoot is b'uit int<) the 1ren(*h. It is from this 
downw^ard-projeeting {lortion that the roots nsiially ha>e tlieir origin. 
After the cut is made and the shoot is jhiined into the 1 reneh, the end 



of the shoot, is turiu'd upward, and the trench is pac»ked full of earth 
as soon as all the slioots on that side of tin' stool are pi'operly cut and 
pinned down. This work may be <!onc in the siiring or summer, the 
shoots being left buried until each has formed a good and abundant 
root system of its own. rsually from ten to twenty plants are 
obtained from a stool every two years. Tin' Mission, Kedding Pieho- 
line, and wild olives are especially suited to this nnwleof propagation. 

While most, of the olive trees now sold to growers art' rooted by one 
or the oilier of the prt'cetling systems, there are Tuimerous other 
methods of propagation, some of tliem vc'ry common and time-worn. 
One of these is to ])uiy olive limbs in a horizontal jiositiou in moist 
soil at a depth of 4 to 0 inches, cutting away and planting the rooted 
sprouts which they will send up. Another way is to saw large olive 
limbs into sections al)out ‘2 feet long, sjdit into two to four pieces, and 
plant these truncheons in the nursery or directly in the orchard. A 
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third wny is to cut out and plant in the nursery the 
knot-like swellings which are conmionly found about the 
trees, watering them from time 1o time. A fouHh way is to 0ttt 
suckers from the parent tree and plant in the nursery, whei^ tihl^y 
will root, provided enough of the M^ood of the parent stock is retailed 
to prevent too rapid drying out. 

(iKAFTINCJ THE OLIVE, 

The grafting of the olive is now being extensivt^ly undertaken in 
('alifornia. If desired, the olive may be graftcal upon liardy iH>otB 
when the sto<*k lias b<‘(*ome an inch in diameter, or tin* limbs of old 
trees may be grafted ovei*, nHn*li as one would graft ovtn* an old pear 
or apph^ tree, thrown grafting of llie scnniwild H<»d<ling Pieholine 
nursery stoek has been jn-aetieed for sevinal y(‘ars liy Mr. Rock with 
the most uniform suceess. In this <*as(‘ tln^ slocks, which are usually 
grafted, average about I inch in diamet(u* at the ground and are set 
about 1 foot a[)art in 11n‘ nursi^rx rows, the rows tliemselves laung 
about .‘11 f<‘et apart, or sutTiciimtly far for <*on\enient eultivation. 
About the middh* of March the trees are sawial off as nearly even 
w’ith the surface' of tin* ground as [lossiblc. The earth is then drawn 
away from Hie tre(‘s until about t inches of i\w sto(*k is expostal. The 
grafts are inserttMl as soon as possililt^ aftm* tin* r(*moval of the lops, 
Tlie cut for tin* insertion of tin* scion is madt* in*ar tme side of the 
stock, tin* knife lH‘ing h(‘l(l at such an aiigh* that tin* (*nt is dt*cp near 
the operator and runs out b(*ft)re r<*ae]iiiig tin* oppositt* side. The 
knife is also <lir<*<*ted inward tow'ard fin* <M‘ntt*r of tin* stock in such a 
way as to cut across tin* grain. In this way tin* splitting of tin* sttK*k 
is avoided win*!! the s<*ion is fta-taal tightly into place. 'I'he taper of 
the seiori shonhllx^ tliick and long at one<algcainl thinii(*r and sliorter 
at the other. Mon* wood should la* <Mit from oin* side than from the 
otIn*r, so that (In* cut on oin* side will not cnl(‘r tin* iiith, but leave 
the wood on tliatsi<h*of thesiuim smooth ami hard from one edge 
to the other. When thus (‘Ut, there is nodangerof tin* scion splitting 
when for(*<Ml tightly into tin* cleft. In setting tli(*s<*ion tin* thick edge 
of the tajier should la* out wan I, so that the w’(*dgc and (»h*ft sliall agree, 
and the pith side of tin* scion should la* toward tin* center of the 
stock. The sba‘k is then tightly w'omnl with <*ommon eotton twine, 
in an open manner, tln‘n* la*iiig from four to six turns mad<* about k. 
All of ihe cut surfaiM's of tin* scion and sto<*k should be earefiiUy 
waxed and tin* earth should tln*ii be drawn back about the sbwika so 
that the stock and s<uon an* both in*arly or quite <*overe<l. 

The T-budding, orslii(»ld luidding, (»f tlieolUe may la* pra(*tic6<l tf 
desired in working over the tre<*s.‘ 

As regards the growtli of oUncs worked on liardy roots, the wTiter 
has seen Uvaria olives thus graft<*d which were liigher than a man’s 
head after three years from the time of grafting. 


^‘Por details, see Report California State Board of Horticulture, 18S9. 
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BEST LOCATION FOR THE ORCHARD. 

IHs, tfjie Medit-erranean countries olives are grown under a great 
YMieky of cultural and soil conditions, from the barren tops of high 
hilijl to the bottoms of level and fertile valleys. It is hardly neces- 
sary to say that the olive, like other fruit trees, will grow most vigor- 
ously in a rich, deep, friable, and well-cultivated soil. The olive is 
""greally benefited by thorough cultivation and by manuring, although 
it will grow and produce in uncultivabHl soil and often without artifi- 
cial fertilizing. The olives will make the largest growth in deep, l{X)se 
valley soil, but it should not be set on wet land. Valley (uiltivation 
of the olive is already too widely practiced in (’aliforiiia to require 
further couimeiit. The subject of hillside eultiire is the t()i)ic here 
most deserving of attention. 

( rLTUKE OF THE CLIVE ON DRY HILLSIDES. 

There is in ( alifoniia an immense area of liillside situations 
where the soil is fertile* and the <*liinat(^ suited to olive (uilture, 
but wdicre the moisture is not sullicient to enable tlie owners to 
grow other crops. 

The profitable us(* of these <lry hillsides is a subject of great inter- 
est to a large number of (hlifornia fruit growers. Ranges (d these 
hills extend for 7 <m) miles through the State from north to south, and 
at present they are almost barren of crops of any kind. Millions of 
aciTS of the most fcu tile soils in the most equable (*Iimat(* are awaiting 
the intelligence* of th<* cultivator to make them of permanent value. 
Can these hillsid(‘s be used for olive culture*? An examination of the 
conditions under whicli the olive is gro>\n in parts of tin* Old World 
strongly indicates that tlu*y can. 

The rainfall conditions at Syra<*nso, Sicily, are much like tlu)seof 
the (’Rlifornia regions un<ler eimsideratioii. This is shown by the faet 
that the Mediterranean eoast a few miles nortli of Syra<*use is lined 
with great piles of solar silt, made by the eva[)oration of .sea water in 
shallow basins along tlu* shore. To those accpiainted with the slow- 
ness of solar evaporation this will demonstrate the total abst*uce or at 
least the very limited <|uantity of rainfall during the summer months. 
Moreover, raisins are made in the valley of Syracuse and tlie lemon 
groves arc irrigated as in California. The.s(* fa<*ts show tliat the sum- 
mers of Syracuse are long and dry — in fact nearly or ijuite as dry as 
those of southern California. Observation has taught the writer that 
the olive thrives everywhere in this i*egion without irrigation. In the 
southeastern part of Sicily, where no irrigation of tlui olive* is prac- 
ticed and where the climatic or rainfall eoiiditiuns are very similar Ui 
those prevailing in the drier portions of California, this tree grows 
to an enormous size and is perfectly healthy ©von to the very top of 
dry and other^^jse barren hills. 
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TbB cottditioBs in the vicinity of Naples, Italy, are a little 
During the summer there is usually a light shower or s^nlt£e#Wut 
once a month. Irrigation is practiood for garden truck and'^etois 
fruits, but not for other trees or vines. An account of the system ef 
growing the olive on the steep and high hillsides back of Naples IS 
here introduced as likely to be of v’alue to Californians. The hills 
are too steep and rocky to admit of being eultivate<i, but neverthellBSS 
they have maintained thrift 3' olive groves for ages. The olive groves 
now covering these hills are not the original growth, the old, or origb 
nal, trees having been cut back and the present trees grown from the 
margins or sap wood of the large stamps. The stumps of the original 
trees that covered these hills are from 2 to A feet in diainet>er. The 
surface of these hillsides is so prepared as to letain all the rainfall of 
the year and eause it to settle into the earth at the roots of the trees. 
To accomplish this the trees on the hills are planted at the apex of 
V-shaped exeavations in the earth surfa<*e, (he earth taken from the 
excavation being thnmn into two ridges, whieli evtend upward and 
outward from the tree. The tree is usually planted just below the 
V-like ridge of earth, so that vlien tlie ex<*a\alion is filled l^vthe rains 
of winter or spring the water will not stand about (lie trunk of the 
tree, but will graduall,v settle into the earth uiiderneatli it. The fol- 
lowing diagram illustrates this inethmi of eultuns the V showing the 
ridge of earth and the dot indieating th<* position of the free: 

V V V \' V \* \ V 


Y V \ V \ V V V 

It will 1)6 seen that in cas<* of a heav^^ winter rain the evenvations 
of one row of trees extending liorizoiitall}' around tlie hillside must be 
filled with water before an}" ean eseaiie to tlu^ excavations for the trees 
in the row below, and so on to the bottom of the liill. Hence, if the 
excavations are of suf!i<Menl eapaeit}" the entire preeipiUition of any 
rain storm may l>e foreed to settle into the hillside and as near the 
base of the tree as desired. It is to be IiojkhI that a fair trial of thm 
system of olive culture will lie made upon tlie drier and steelier hilb 
sides of the Coast Range of (California, as it appears to be very success^ 
ful in Italy on hillsides too steep for cultivation. (PI. VI.) 

In this connection it may also be well to call attention to the fact 
that throughout soutliern Euro[>e it is generally held that the <|uaHty 
of oil produced from hillside groves is superior to that prcaluced from 
groves in valleys. 

To further strengthen the claim that the olive may Ik^ grown with 
success upon the driest California hillsides, the writer calls espedal 
attention to the olive groves of Mr. Coopei', at Santa Barbara. Here 
the olive is now grown with marked success upon hills consisting 
of all kinds of soil and at all inclinations, and without any irrigati^cm 
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One of ilieee groves, on a black adobe lullsidc, is 20 years 
always prodticed well, and has never been irrigated. 

niSTAKCB AT WHICH TREES SHOULD BE PLANTED. 

Fnll-grown olive trees often have an expanse of lop from 50 te 100 
feet, an^ must therefore have an abundance of room. The distance 
at which olive ti^ees should be set from eacth other is a relative matter, 
depending on whether the grower is xdanting for ten, twenty, fifty, 
one hundred, or two liundred or more j’ears of grf>wfh. Tf soil con- 
ditions are favorable, and time enough is allowed, the trees should be 
set 1(K) feet apart. The first ten years they may stand 20 feet apart, 
the second ten it would better if they were ^10 feet* ax)arl, and for the 
third ten a greater distance may be necessary. Take most fruit trees, 
olives will lie of l)etter form if at a consi<lerabh* distance apart, 
and will also make a l>etter and more rapi<i growth, because^, the n>ot 
system is not <*rowded. 

Observations of closely and widely set or(*hards ami vineyards, and 
a knowledge of the necessity of the olive receiving a stated number 
of heat units to inature its fruit, SiHnn to indicate that it is lietter to 
set the trees at first .‘to by ;10 feet, provided it is not intended to remove 
some of them as soon as tlu^ growih of the orchard may re<piire. 
When the trees are set <*lose at the start, tlu^re is danger that they 
will not be thinned out. until crowding has stunted them or injured 
their habit of growtli. Considering, therefore, the requirements of 
the olive in the way of sunlight, air, root room, and cultivation, the 
need of spraying, the desirability of growing the tree in an Oi)en, 
spreading form, tlu* fact that, must fruit oc(uirs ou the lower limbs 
where most shade is encountered, and finally the convenience of pick- 
ing when the tixH' is pruned to si>read, it is thought best to i*ecom- 
meiid that IK) feet, be allowed between tlie trees from the stall. 
Planting the small oliv<^ trees a considerable distamn* apart does 
not preclude the profiUible use of the land. While the trees ai'e 
small it is a commendable i)ractice to grow among them annual crops, 
such as <H)rn, Ihwis, potatoes, and vegetables of all kinds. In this 
connection we may cite the oft-quoted Italian saying, “It is well 
towed the olive to the vine.'’ 


PIuANTING. 

The olive tree may be transplante<I at any age until tlie tree is 0 
inches or more in diameter. Trees from 10 to 20 years old may safely 
be set in oi*chards. The younger the Itoo the more care it requires. 
One-year-old ti^es are apt to l )0 soft and sapp>" and the loss in trans- 
planting from the nursery to the orchard is much greater than if 
the trees were older. The writer, from his observation, w^ould recom- 
mend 8-year-old trees, as these are usually better supplied with 
fibrous roots and their roots and stems are hardened. The olive is a 
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rather difliciilt tree to transplant, and until it gets started 

given the same careful attention as the orange tree. After staiitipp^ 

there is no fruit tree which will stand so much abuse. 

Ilefore planting, the ground should be thoroughly plowed to a depth 
of, say, lii inches, and all <*lods should be mashed. The excavations for 
the ti‘ees should be suffi(*iently large for tlie roots, which must be given 
a downward trend. The widtli and depth of these excavations should 
be not less than 18 to L4 inelies. The root systfun of trees 2 to 3 
years old shouhl be well ]n‘eserve<l and as eomplete as ])ossible when 
transplanted, llroken or injured [wirts may be (*ut away with a knife. 
After digging the Irees, roots should be ke])t wet and eovcu’ed with 
earth and the transphuitiiig should be done as quiekl}' as possible. 
As soon as the trees are planted, they .should be tliorougidy irrigat^ed. 
If it does not rain, this should be repeabsl in about a week, tlien in 
two w(^eks, and again in a month. When llu^ trees start tliey should 
receive about the same amount of water as a dcM*iduous or(*har<i. The 
soil should be kept pulverized to retain moisture. On dry land the 
trees should be given about two pailfuls ea(*li of water when ]>lanted 
and the same amount three <»r four tim<‘s during the first summer. 

The planting of ti'ees for an oreliard sliould take ])la<‘e <‘arly in the 
winter, or as soon as possible after th<‘ first heavy winter rains, so that 
the trees may get the benefit of all the j^recipitation and thus 1 h^ as 
well i)repared as possible to stami the heat of summer. January is 
probably the best Jiionth for planting olives, although tli(»y are also 
planted in February and ^Nfareli. 1'lu‘ tree should be as lUiarly dor- 
mant as })ossi!)l(‘ wlien t ransplaiite<l. 

vm y:\yii. 

Olive pruning depends so largely upon variety, exposure, elimaU^, 
and other local conditions tliat only some of tlie more gcmeral princi- 
ples may be properly considered in this brief arli<*le. 

After the nursery Ihm* is set in the orchard it should be staked, but 
should not bo pruned loaiiyextcmt until it has establislied a good root 
system. An abuiidamM* of foliage* is n*(juired to feed the roots and 
make the tree sto(*ky. (lose pruning of a tree in this stage* e)f growth 
checks the dev(*lopmen1 of the roe)t system by euttingolT its fexKl sup- 
ply, and the roduceid growth of reaits re*acts upon the* growth of the 
top. After tlie tr<.M*s have* reaehe*el a snilablo height they should be 
headed back so as to establish t lie* he‘iglit of the*, trunks. In (California 
the eonserisus of eqiinion a[)pe*.ars to be in favor of low-he*aded treses 
(those measuring only 24 1e> M inehe^s fre)m the main forks to the 
ground). The number of branches left feir main limbs may vary from 
four to six. All suckers and shoots below the forks shoulel Ih 3 removed 
as soon as the foliage of the main limbs is sufficient, to protect the trunk 
from the sun. Ilie main limbs are now allowed to reach a length of 2 
feet or a little more, at which length the end of the branch is pruned off, 
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likewise the ends of such terminal branches as project downward 
ffunil' these, one or two end branches left to {^row upward and 

outward. These secondary branches are in turn shortened back by 
having their leaders pruned as soon as they are 18 tr) 24 inches long. 
At the ends of these sec^ondary branches ai‘e now pi*esci*ved two lat- 
eral twigs, known as tertiary branches. I'liese should 1)6 1 w igs which 
will grow upward and laterally. By tlu^ tiiiic they are well giwn the 
form of the young tree is established, and furl Inn* pruning for form 
may be done in a general iiuinner to obtain the following results: (]) 
Maintenanc^e ot a coinparatively ojkui <*4‘nter to the tree; (2) exposure 
to the sun and air of as larg«‘ a number as possible of last, year’s 
braiiehes around tlu* eireumfer- 
enee of the tree; (•)) numival of 
all grouml suckers and \\Hter 
sprouts; (4) }>rc*servat ion of 
outward-growirig and drooj>ing 
basal and lateral fruit ])ran<*lies; 

(5) heading ba(*k of upward- 
growing limbs, wliich eonsuim* 
iiiueh,but j)rodu(‘e litth*; and, 

((») the rt‘nu»val of all disease<l 
or injnr<*d w'ood. In pruning 
for form the rules gov(*rning 
pruning for fruit slioiihl Ix^kept 
in mind (lig.Ol ). 

The aniuial pruning for fruit 
requires difbu'ent methods from 
those already tU'seribed. Tie* 
bearing w'ood of tlie olive, ex- 
cept in tlie ease of a few \arit‘- 
ties, is that of tin* ])reeediug 
year, tliat is, tin* growth of one 
summer blooms and lM*ars fi nil 
the following suininer. This 
fact determines wdial brain‘hes should In* preserved for fruit bearing. 
While the growth of last year is bearing fruit this u*ar, it will also 
send out innv lat<*ral ami terminal shoots which will bear next summer, 
but the oftener a brainii has fruited llie less will be the Tn*w growth 
and conse(iuently the smalle]* tin* yield of the next year. lb‘ncc, b}’ 
pruning away each winter a ]>ortion <»f Ihe fruiting branches whi(*li 
have produced ero[)s for two or three years, uew fruiting branches 
will be forced from the old woml. This new’ growth is induced with 
greater ease in the olive than in the peach, the latter having w’ood 
which bears fruit in mucli the same manner. The loeation of branches 
to b(' preserved for fruit lamring should In* low % as the lower braneJies 
are more apt to pro<lu<M^ than the uppei* ones, and besides the fruit is 
more easily gathered. 
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IJiipruned or imperfectly pruned olive trees have a tendency|^||^E|t 
but once in two years. Tliis hfxbit may, however, be greatly 
as already indicated, by the judicious annual removal of those bran^^bMPS 
which have already produced two crops. Some varieties are 
readily induce<l to ]>ear regularly by this system of pruning than 
others. 


POLLINATION. 

This subject was called into ]U'oiuiiieiice by a bulletin on t>ear pol- 
lination by Mr. M<‘rton I>. Wailc, of tlie Division of Vegetable Physi- 



FlO. t*2. -Olivo branrhcH in fruit . sbowinK a 
sterilc and a Molf-fertik* vari»*ty i1»raii<;be» 
bagirt^d up to the borizontiil liiuo. 


cross pollination and which will set 


ology and Pathology. Mr. Cal- 
kins, of Pomona, has made a 
start in these matters, and Mr. 
Mills, of the Pomona branch of 
the California Experiment Sta- 
tion, has also made some inter- 
est ingand \ al liable experiments. 
Mr. Mills’s exiMU’iineiits have 
shown in a Kur[)rising manner the 
ikhmI for the cross ])ollinal-ion of 
some of our olives aud the fact 
that other varietit^s are perfec^tly 
self-fertih*. Th<‘ method adopted 
by Mr. Mills was that of bagging 
branelies of bt^aring age for half 
their huigfh before the buds 
o[)ened in the spring. As yet 
this work u[M)n the olive has not 
been suilieiently extended nor 
sufTi<*iently thorough to warrant 
special eonelnsiims, but- it has 
gone far enough to show that It 
is important, for it is very nec- 
essary that tlu» grower sliould 
km>w wliieh varieties require 
iiit w ith their ow n pollen (fig. 02). 


( HAKAl^TEIi OK THE KKUIT. 

A few^ words on this subject may Ik* of interest to those who have 
never seen the olive growing and know it only in tin* pickled state. 
Asia the case of the peacdi, the olive is either clingstone or freestone. 
The ripe fruit is neither green nor yellow, but has a deeply colored 
skill — dark red or purple, reddish brown, purplish brown, light brown, 
deep brown, purplish, bluish, or reddish bla(5k, or jet black, with or 
without bloom. The fruit, even when ripe, is decidedly bitter, and 
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pigling is put through a special process to remove this undesira- 
hlj^ ti^. It should be slated, however, that a few varieties of olives 
known that bear sweet fruits, which, when ripe, may l>e eaten 
fresh from the tree, and when dried are also very good. Of the sweet 
varieties known to the writer, the best is the Piru Sweet No. 1. Pirn 
Sweet No. 2 also bears a sweet fruit, and in these two imported varie- 
ties, of unknown origin, California has ac<piired two most, valuable 
additions to the olive varieties now on tlie coast. 

As is well know^n, olives vary greatly in size. The smallest are not 
as large as Malaga grai»es, while the finer varieties of olives for pick- 
ling almost rival the size of our larger plums. The Sevillano, or 
^‘Olive of the Qikmui,’' as grown fu the vicinity of Seville, Spain, fre- 
<xuently rea<‘h(js a length (jf I J inches and a breadth of IJ inches, 
while in California the same variety reaches even larger dimensions. 
In this coiin<H*tioii it may be said that many varieties of olives bear 
larger fruits when planted in cur vii-giii soils than they do when grown 
in the Old World. 

The oil content of the olive ais<» varies greatly, both in quality and 
((iiantit^, in dilb^rent varieties, and sometimes also in the same variety 
under ditb'rent soil conditions olh<*r influences. For pickling, the 
olive is usually t»lnek(*d while greeu; for oil, it Is allowed to hang on 
the tree until it is nearly rip<s which in California, for most varieties, 
is usually not until l)e<‘ember or January. The olive tree l)egins to 
bear fruit when it is four, tivt‘, or si\ years ol<l. 

SKLE<TI()N OF VAKIETIKS FOR IM.ANTING. 

Ill Spite of the double* dealing of some of the agents in foreign 
countries, who liave been n*lied (hi to supply (^(U’tain of the more valu- 
able olives, and who in several notable cases have failed to fulfill 
their engageineiits, tli(‘ numerous importations from many localities 
have now brought into our olive belt most of the more valuable 
varieties of <»lives of Hn* < >Id World. This is encouraging, and fissures 
us that tlie tuck of t he fruits of the world may be liad by proper and 
persistent effort. Tlie fruits of about eighty varieties of olives have 
been examined and photographed by the writer in C^alifornia, and still 
other varieties are growing there which have not yet fruited, or at 
least not generally enough to enable one to judge of their quality. 

In selecting olive vari<*ties gmwers usually have two things in 
view — oil and pickles. Among the main eonsiderations to be taken 
into account when selecting variotit^s for oil are quality and quantity 
of oil produccHl, prolifiimoss, regularity of bearing,^ early maturity 
of fruit if growing in a region wliere there is danger from frost, 
maturing of the fruit at different dates if growing in a region wdiere 
frost is not feared, even ripening of the fruit upon the tree, and hardi- 
ness of the tree against cold and drought. When seloi'ting varieties 

’See remarks pu pruning for fruit, p. 881 . 
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for pickling, the features for consideration, among others, 
fruit, firmness of flesh wlien nearing maturity, form of fruit, 
formity in size and shape, even ripening of fruit upon the ti*ee, pvMt- 
icness, regularity in bearing, thickness of the skin and the quality 
of the fruit when pickled, and hardiness of the tree with respect to 
cold and drought. 

Before selecting varieties for j>lanting it would be well for the 
planter to consult a minilH^r of 8in»ce88fiil olive growers with special 
reference to the success of given varieties on tlu^ kind of land which 
he intends to plant and in the region wlii<di he has selected. In addi- 
tion to these suggestions a few words may be said on particular 
varieties. 

The following varieties of olives are believed to be among the l>est 
for oil, the names being those under \vhi<‘li they were received by the 
writer or under which they are generally known in (California, but 



r’lG. sn.— Hydraulic* oliv(* j>ress. 


which perhaps are not always correct, as a good deal of uncertainty 
exists as to th<‘ projUM* names of many varieties (►f olivi*s grf»wn in 
California: Morinello, Infrantojo ((Trossajo), Le<*cino (\*<*ry resistant 
to cold), Itazzo, Oblonga,' ("varia of .Mr, Loop (ripens early), Bubra, 
Morajolo (re((uircs ri(*h soil), ( '(UTeggioIo (r<M]nir(‘s rich soil), FratiUijo 
(said to do well on Jiills), i^irn No. I (rit)ens early in Novemlnn*), Ne- 
vadillo Blanco, and Mission, The following are especially ox<*-elleut 
for pickles: Ascolario, St. Agostino, Oblonga, Sevillano, Picjholine, 
Manzanillo No. J of Mr. Hoeding (not of Tablada), LucMpies (ri{KUis 
very early), Ojo do Liebre (?) of Mr. Rock, N(‘,vadillo Blanco, Mission 
(fruit small), Macrocarpa (only for warm, diy, and elevated situations; 

’In 1 894-^05 a 54-year-o]<l tree of this variety at Biggi Cal., here the heaviest 
crop of any tree of its age which has cionie under the observation of the writer, ib| 
prcKinct lieiug gallons of fruit. 
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ripens in October), and Palymorpha of Eoeding. The two last named 
are quite apt to decay at the pit. 

EXTRACTION OF THE OIL. 

The extraction of oil from the olive is a purely mechanical process. 
In California two general plans are followed in preparing the olive 
pulp for tJie press. One is to grind the pits of the fruit with the flesh, 
and the other is to grind the flesh from the pits without crushing the 
latter. As the result of experience and various chemical analyses, it 
has become quite generally understood that the pit contains little oil, 
and that the practice of grinding it with the flesh tends to detract 
from tbo quality of the output. 

Most of the mills now used for preparing olive x)ulx) are made of 
cast iron, the crushing being done by a series of rollers. The presses 
used for extracting olive oil are of many patterns. Some growers use 
powerful screw presses, while others prefer the hydraulic press. 
Homemade lever i)resses, like the old-fashioned cider press, are still 
in use by some, ami can be relied upon to do good work (fig. 93). 

The olive pulp as it comes from the mill is placed in sacks for press- 
ing. Tliere are several styles of sacks in use, the French being made 
of fine fibrous grass, while those preferred in Italy and Spain are of 
coai'ser material and looser construction. The sacks are made in the 
form of a choose, and are oiien at the center of the top and bottom 
for filling and cleaning. In preparing for j^ressing, a scries of wooden 
slats, forming a kind of grating, is first laid on the bottom of the 
press. Over this is [fiaced a perforated, circular i>late of iron, on 
which is laid one of the grass mats or sacks. The jiulp is then 
crowded into the sack until it is full. Upon the first sack is placed 
another perforated iron plate, more wooden slats, and then another 
sack to bo filled. This is continued until six or eight sacks of pulp are 
placed one above the other ready for pressing. A number of Cali- 
fornia growers do not use grass sacks on account of the difiiculty of 
keeping them thoroughly clean, but instead employ a Russian crash, 
cut into circular i)icces about 3 feet in diameter. A galvanizod-iron 
hoop, of the breadth and depth of the cheese desired, is first placed 
on the wooden grating. Over the top of this hoop is sxiread the piece 
of crash, and upon it is poured the olive pulj) until the hoop is packed. 
The sides of the cloth are then turned over the pulp and the hoop is 
withdrawn. A slat grating is now placed on the cheese and the 
process repeated. 

The first pressing of the olive pulp is done slowdy and w ith caution, 
and the resulting oil, which is frequently known as virgin oil, is 
usually, on account of its superior quality, kept separate from that of 
the second and third pressings. When the oil ceases to flow after a 
thorough first pressing, the pulp is i^emoved, left until next day, and 
12 a96 25 
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then reground and re-pressed. If desired, water may be added to the 
second pressing, but the oil thus obtained is of inferior quality. A 
third crushing and pressing, with the use of liot water, may bo given 
to obtain the little remaining oil, which is of the lowest grade. 

The subsequent clarification of the oil involves two general proc- 
esses, namely, its separation from the watery juice of the fruit and 
from fragments of tissue by moans of gravity, and a special clarifica- 
tion by means of filtration. There are scarcely two mills in thi.s coun- 
try which use the same vessels for the separation of oil. The form of 
the settling tanks, as well as their size and the material of which they 
are made, varies widely. Tin, wood, or stone vessels may bo used suc- 
cessfully if kept perfectly clean. Tin vessels are pmbably most com- 
monly employed, though some producers insist that whit e oak tanks 
are better. Whatever form or kind of vessel is chosen, the expresscHl 
olive fluids are allowed to stand in it until gravity has caused the oil 
to rise to the snrfaco. As the oil rises it is either removed and placed 
in other similar vessels for further separation of imijurilies or else is 
stored in tanks to remain till ready to bottle. 

The process of clarification by filtration, which usually follows the 
separation of the oil by gravity, varie.s. The clearest and mo.st bril- 
liant oil is, however, usually obtained by passing it through some 
compact filter, such as is used for filtering spirituous liquoi-s, or the 
firm, gray filter paper cojniuonly sold in circular sheets by druggists. 
A less brilliant oil may be obtained by passing it tlirough more porous 
filters. It is even probable that oil bottled without filtration, if 
thoroughly cleared by standing at a proper temperature for a suffi- 
ciently long time, will bo of a finer flavor than that passed through 
filters. 

Cleanliness is a most essential feature in making olive oil, as this 
oil readily absorbs all taints and odors. No offensive smell and no 
tobacco or smoke of any kind should be allowed about the oil house, 
and everything in the Wilding — mills, presses, cloths, dishes, tanks, 
etc. — should bo kojit scrupulously clean by washing daily with boiling 
water, and when possible with lye also. 

In all the processes of expressing and handling olivo oil it is impor- 
tant that it be kept at a moderate and uniform temperature and that 
it be not exposed to the light more than is necessary. 

The gathering of olives at a proi)er stage of ripeness is an important 
feature of the olive industry. The olives should not bo allowed to 
hang too long, but should bo gathered while red. The best oil comes 
from olives not ovorripe. With late varieties there is also the advan- 
tage in early gathering that much risk from cold weather is avoided. 
Olives which Wve been frost-bitten should be sent to the mill at once. 
In gathering, the olives should not be allowed to remain on the ground 
more' than a few hours, if at all, and all imperfect and bruised fruits 
should be culled out, as well as those which are overripe. The latter 
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may be put through the mill by themselves and the product kept 
separate. The fruit should bo picked at a stage of ripeness as nearly 
uniform as possible. After being gathered, the olives should be spread 
out on trays in thin layers, so that the air may circulate freely among 
them, and the trays should then be kept in a dry, clean, and airy 
room. The fruit on the tray should bo turned over every two or three 
days for twelve or fifteen days, or until it is properly dried, after 
which it is ready to bo reduced to pulp in tlio mill. 

OLIVE PICKLES. 

The pickled-olive industry of California is growing rapidly from 
year to year. Two classes of pickles are prei)ared — the green and the 
ripe. Green olive pickles fire more casilj^ made than ripe ones, and, 
as a rule, will keep better. As a food, however, they are iiicoui- 
I)arably inferior to pickles made from the mature fruit, the oil of the 
ripe olive adding veiy greatly to its nourisliing qualities and to its 
flavor. For eonsumx)lion within the year nothing but mature fruit 
sliould be put up. Ilipo olives may also bo kept for several years 
if snflicient care is given to the iflckling. For long keeinng and 
for shipuiont the immature fruit is often preserved, csiiocially by 
Europeans. 

Ill gathering inaliiro olives for pickling, they should bo as nearly as 
I)ossible of uniform color and ripeness, and it is desirable to pick 
them into water so that the fruit will not bo bruised. The mature 
fruit should never bo overriim, but for the best results it should be 
gathered while still firm and hard. Following the pickling of either 
mature or immature olives it is well to hand grade them for size and 
color and alw ays into water. 

Nearly all fresh olives are exceedingly bitter, and if preserved in 
that condition w’ould bo unfit for food. There are two methods in use 
for removing this bitter taste. One is to destroy or neutralize it by 
tlio use of strong alkaline solutions and the other is to wash it out 
gradually by the long-continued use of fresh water. The former 
method is that no^v most generally iiracticed by olive grow^era. The 
details of this process may bo sought in special treatises, as it differs 
among different growers. It consists essentially in subjecting the 
fruit for some hours to the action of a solution of water and concen- 
trated potash lye. This is usually in the proportion of 1 pound of lye 
to 8 to 10 gallons of water. The olives are allowed to remain in this 
solution until all bitteiiioss is removed, or until the alkali has i>ene- 
trated to the pit, which can bo determined by the change in the color 
of the flesh. If one soaking only is given, it requires at least twenty* 
four hours, the fluid being agitated at frequent intervals by drawing 
off some and pouring it back so as to keep the fruit from spotting. 
When, the bitterness is gone, the alkali is removed by soaking the fruit 
for a week or more iu water, which is renewed quite frequently the 
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first day and at least once every twenty-four hours thereafter. Litmus 
paper may be used to determine when all the alkali has been removed. 
The fruits are now covered with a weak brine, which is allowed to 
remain on them for a week or so, and then with a stronger brine. Mr. 
Lelong advises three brines, containing, respectively, 4, 8, and 14 
ounces of salt per gallon of water. To x)revent the olives from becom- 
ing rancid, this strong brine must also bo changed after it has become 
colored by the pulp of the fruit. If strong brine were jiut on at first, 
the olives would shrivel and bo spoiled. To avoid a dangerous soft- 
ening of the fruits, especially the riper ones, Mr. Lelong recommends 
two or three soakings in the alkaline solution, each for four hours, the 
olives to remain in the fresh water for several days between each 
treatment. During these treatments great care must also be taken 
that the fruits do not become crowded together and squeezed and in 
this way become disfigured and unattractive. This is best prevented 
by treating them in shallow vats. After the scum has ceased to rise 
from the brine, the olives arc ready to bottle or to store in kegs. The 
brine used for bottling is of tlio same strength as tlie last used in 
pickling. 

The process of extracting the bitteriioss of the olive by means of 
pure water usually lasts from thirty- five to sixty days, and during 
this time the water should bo changed twice a day to i>revent the 
development of bacteria and the spoiling of the fruits. In this proc- 
ess pure water is a great desideratum, and the value of distilled or 
boiled water can not be overestimated. No oil is lost by lliis j>rocess, 
and it also has the advantage of preserving the natural taste of the 
olive to a much greater degree, tliere])y insuring more delicious pickles. 

This process of curing the olive, however, is not i>ox)ular, owing to the 
amount of time and attention required to insure success. In this con- 
nection the writer would suggest that if artesian or spring water can be 
had and if the tanks are jjroperly arranged with inflow and outflow 
traps or valves the amount of time required from llic grower can be 
reduced to less than is required by the lye process. It would bo a 
very simifle matter to so arrange the water sui>ply that a barrel could 
be drawn from the bottom of the tank every hour or two and the same 
amount allowed to enter at the same time at the top, direct from the 
spring or other source of supply. If the inlet is constant and limited, 
the valve at the outlet could bo worked automatically by moans of 
floats. The whole could be arranged after the manner of an auto- 
matic flushcr and very little personal attention would be required. 
The main feature to bo considered would be the proper arrangement 
of the supply pipes so that the water would always be too cold for the 
rapid increase of bacteria and would not be exposed to the air before 
its discharge into the vats. 

At present pickled olives are put up on the Pacific Coast in bottles, 
kegs, half barrels, and barrels. Those put up in bulk ate usually 
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sold to consumers by the quart or gallon. Prices vary according to 
quality and the laws of supply and demand, being commonly retailed 
from the barrel at from lo to 25 cents per quart. 

DISEASES OP THE OLIVE. 

The diseases of the olive are quite numerous, but fortunately those 
most destructive to the fruit are not yet known in the United States. 
The most important olive trouble in this country, so far as observed, 
is the black scale {Lecaniinn oliat). The control of this parasite may 
bo most easily aecomi>lished by treating the trees with rosin wash at 
the lime all the eggs have hatched. This will vary from year to year 
and in dilTerent localities, and should bo determined by keeping 
careful watch of the insect itself, lifting the scale and examining it 
for the eggs, which are deposited beneath the parent insect. It will 
be found advisable to keep trees clean by early spraying rather than to 
delay until they are badly infested. One advantage of this is that it 
will prevent the tree from beeoming infested with the sooty mold, a 
fungus which always follows the work of the black scale, and which 
is hard to remove from the foliage. 

There are two insect enemies common in the Mediterranean region, 
which it is lo be hoped may not reacli this country. The more 
destructive of the two is a fly (/)acuso?rrp), which stings the olive and 
the larva of which greatly injures the fruit. The olive crop is some- 
limes much affected in Italy, Sicily, and Spain, and to some extent 
also ill France, by the depredations of this insect. The other insect 
is a moth {Prays olca'llus), the larva of which feeds, according to the 
brood lo which it belongs, either upon the leaves, the fruit buds, or 
the fruit. The larva of the last brood, which lives within the fruit, 
causes the latter to fall from the tree. Tlie olive is greatly injured 
by each of these insects, as the writer can testify from personal obser- 
vation, and every precaution should bo taken to jirevent their intro- 
duction into the United States. No fresh olives should ever be 
imported, and all truncheons, or cuttings, should be disinfected in a 
manner thorough enough to kill all eggs and pupce which may be upon 
or under the bark. 

A tubercular swelling of the smaller limbs and twigs is common in 
some parts of Europe, but as yet has not been seen in this country. It 
is duo to a bacillus, and the disease may be spread by inoculation. 
The excrescences, or tumors, characteristic of the disease are quite 
variable in size, but in most cases they mature before being quite an 
inch in diameter. Many branches cease to grow wholly or in part 
beyond the swellings after the latter have become partially developed. 
Some branches become stunted, while others die entirely toward the 
end, hence, the growth of the tumor is largelj" limited by the life and 
vigor of the limb bearing it. As a means of preventing its introduc- 
tion, aU impoi*ted olive branches should be" carefully inspected by 
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someone familiar with olive diseases and all diseased branches or 
wood condemned and burned. There are many other European dis- 
eases of the olive due to fungi or insects or to physiological troubles. 
There are also several diseases of the fruit, leaves, and bark now 
present on the ’Pacific Coast, but none of these are at this time 
causing any serious losses. 

[Note.— The Census of 1S90 reported tlio total olivo production of the United 
States the previous year as having a value of $380,368 in the primary market. 
The whole of this production was reported from tho State of California, which, 
with 378,380 olivo trees in hearing, contained within its boundaries tho entire olive- 
gi'owing industry of tho United States. Of these trees, 70,308 were in Los Angeles 
County, 58,340 in Sonoma County, 39,688 in Alameda County, 23,747 in Santa Clara 
County, 30,595 in Fresno County, and 10,430 in Butte County, tho remaining 
57,366 being distributed over 31 counties, extending as far north as Tehama, with 
1,673. and Shasta, with 087, trees in bearing. The Eleventh Census also shows 
there to have been at that time 331,033 olivo trees set out that had not yet t ouio 
into bearing, 328,907 of them being in California, and tho remaining 3,035 in Ari- 
zona. Although these trees should in tho ordinary course have doubled tho crop 
during the period that has since intervened, tho imix>rts of olives during the last 
seven years liave been annually from one and one-half to two and one-half times 
as great as they wore in tho census year, when they amounted to $311,817, or le:i8 
than three-fifths of tho value of tho domestic crop. Tho imports of olivo oil, or 
what passes for such, were greater in the fiscal year ending Juno 30, 1890, than 
ever before, being 943,508 gallons, of a declared value of $1,1 07,049. These various 
figures indicate the large possibilities that attend the cultivation of tho olive in 
the United States.— Editor.] 
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aENERAB REMARKS. 

Wood, like soil, air, and ^vatcr, lias until recent times been one of 
i iiose materials wliicli man could obtain without effort beyond the mere 
taking. Hence, although it lias become one of the most important, 
most generally used, and to our civilization most indispensable prod- 
ucts of nature, our attitude toward its production has been one of 
indifference. Wood has been used so geuerall}^ that a largo amount 
of empirical knowledge regarding its projicrtics has accumulated. 
TJiis knowledge has sufficed for immediate purposes, and the need of 
a more iiitiraato kno^Yledge gained b}^ investigation and exjieriirient 
in regard to the properties and eliaracteristics of wood has never 
become very apparent. Abundance and clieaiiness, together with 
ignorance of its true merits, have led to a most extravagant and often 
erroneous use of this product. Wo have witnessed with indifference, 
also, the useless destruction of enormous quantities of timber in the 
vague belief, characteristic of the times, that when the supply is gone 
some substitute will bo found. That this belief is poorly founded 
is quite apparent, for while such substitution as, for instance, that of 
iron in ship, bridge, and track construction has taken place, and un- 
doubtedly will continue and oven increase in many dii*ections, it has 
not prevented, even in countries like England, wdiero wood is dear, 
an increased consumption per capita of poi)ulation, while Germany, 
with all its >vell-iuanagcd forests, imports gi'oat quantities of large- 
sized timber. Moreover, as we learn to know the properties of this 
material, wo find that it is capable of many uses for which it was sup- 
posed the metals alone 'were fit; wood is to-day displacing the best 
qualities of steel even in such delicately balanced structures as the 
bicycle. That this return to wood in many of our manufactures will 
continue, in spite of the cheapness of iron and steel, there is not the 
slightest reason for doubt, and the imimrbince of w^ood as a material 
of construction, to say nothing of its use as pulp, cellulose, and its 
derivatives, and its growing value as a fuel, will steadily increase and 
not decrease, as is so commonly assumed and taught. 

Before entering into the discussion of the uses of different kinds of 
wood, and the reasons for their selection, it may bo well to reviewr the 
principal useful qualities of this material and to some extent compare 
it with its most natural substitutes. 


391 
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WOOD AS COMPARED WITH IRON. 

1. Wood is a natural product; iron tho product of a costly, comiili- 
catcd manufacture. Wood may be grown wlierever man wishes to use 
it; the manufacture of iron is practically coufmed to particular locali- 
ties. The mines of both iron and coal are exhaustible; the forest, 
under proper management, produces forever. 

2 . Wood is cheap; metals are dear. Even in tho form of lumber, 
and with the cost of long-distance transportation added, wood costs 
the consumer in this country rarely more than 25 cents per cubic foot, 
while iron in bars and sheets is worth at wholesale from $5 to SIO per 
cubic foot. 

3. Wood is soft; simido tools and small effort suffice to shape it. 
Iron is hard; any change of form, whether by casting, rolling, sawing, 
cutting, planing, turning, filing, boring, or grinding, requires much 
labor, or else complicated and costly i)rocesses and equipments. In 
tho ease and rapidiiy with which w’^ood can bo shaped, reshaped, and 
combined in structures it excels all other materials. 

4. Wood cleaves or siilits; metals do not. While t his property has 
its disadvantages, it is one that in some directions determines tlio 
usefulness of wood. It pciTuits ready ])veparation for fencing and 
firew’ood, which latter use exceeds in bulk ten times tho amount of 
iron and steel used in this country. 

5. Wood is stronger than is usually supposed. In tensile strength 
(pull lengthwise or with tho grain of tho wood) a bar of hickory ex- 
ceeds a similar bar of wrought iron of tho same length and weight, and 
it oven surpasses steel under the same conditions. 

Similarly, a select block of hickory or of long-leaf pine sustains a 
greater weight in comiuession endwise (parallel to tho grain of the 
wood) than a block of wrought iron of the same height and w'cight, 
and nearly approaches cast iron in this respect. 

G. Wood is very clastic and resists bending to a marked degree; 
and though the modulus of elastiidty of iron as ordinaril 3 ' stated 
appears 10 to 15 times as great as that of good ash or long-leaf pine, 
yet a square 10-foot bar of tho latter w^ood requires G to 8 times as 
great a load to bend it by.l inch as a similar bar of iron of the same 
length and weight. Moreover, wood endures a far greater distortion 
than the metals without receiving a ‘‘sot” or iicrmaneiit injury. It 
does not rust nor ciystallize, but retains its quality, and being light, 
and therefore used in solid pieces, may bo selected with perfect assur- 
ance of avoiding “flaws,” which arc so dangerous in all metals when 
used in small pieces combined to make a larger structure. 

7. Wood is light; iron and steel are heavy. The average weight of 
all wrood used in this countiy does not exceed 31 pounds per cubic 
foot; that of iron and steel is from 430 to 450 pounds per cubic foot. 
This quality affects ease of handling and transportation; it permits 
the floating of most woods when green and of all when dry, and with 
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its superior strength and stiffness results in a saving of more than 75 
per cent in the weight of structures, frames, floors, furniture, etc. 

8. Wood is a poor conductor of heat and electricity. Heated to 
150^ F. or cooled below the freezing point of water, iron, steel, and 
other metals are painful to the touch, and even far within these limits 
metal objects are objectionable on account of their ready conductivity 
of heat. Wood, on the other liand, is entirely inoffensive as long as 
its temperature remains within the above limits. The objections to 
metal dwellings on this account are experienced also in heav^^-armored 
ships, which, in spite of the oxcelleneo of an oceanic climate, are notori- 
ously uncomfortable and even injurious to health. 

When exposed to heat, wood is ignited and destroyed by fire. The 
inflammability and combustibility of wood at high temperatures, 
thougli among its most valuable i)roi)erties, are, at times, a drawback 
which metals do not share; nevertheless, during conflagrations the 
behavior of wooden structures is often less objectionable than that of 
metal structures; for, while a beam of wood burri.s, it retains its shape 
to the last, and the structure may stand and be saved, while under 
the same eirciinistanocs metal beams twist out of shai )0 and thereby 
occasion the fall of tlie entire structure. This behavior of wood in 
conflagration has induced the best authorities, fire underwriters and 
others, to recommend the use of wood in all largo structures where the 
combustible contents of the room.s annul the value of fireproof metal 
construction. 

If wood were a good conductor of electricity, its usefulness as a 
material of construction in our largo cities would bo much impaired, 
for it appears to Ix) a viuy serious and constantly growing difficulty to 
protect life and property against this dangerous and yet so useful 
force. 

0. Woods are normally inoffensive in smell and taste; liquors and 
wines of the most delicate llavoi*s are kept in oaken casks for many 
years without suffering in cxuality. Chemical changes, often directly 
producing poison, prevent the use of cheap metals for these purposes. 

10. Owing to their structure, all woods i>rescnt varieties of charac- 
teristic aspects and jmssess no small degree of beauty. A plain sur- 
face of metal, of whatever kind, is monotonous, wdiile one of wockI, 
unless marred by paint, presents such a variety of unobtrusive figures 
that the eye never tires of seeing them. That this beauty is quite 
fully appreciated is best illustrated by the fact that pianos, sideboards, 
and other elegant furniture arc not covered with sheet metal (as they 
might very cheaply and effectively be), and that the handsome floors 
of costly structures are neither painted nor carpeted. 

11. Wood is easily and effectively united by the simple jiroeess of 
gluing, so that valuable combinations, whether for behavior, strength, 
or beauty, are possible, A three-ply veneer board may not only bo 
as pretty as, but also more serviceable than, a simple heal'd of any one 
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of the two or three kinds of wood of which it is composed, and a white- 
pine door with cherry or walnut veneer is not only fully as handsome 
as a walnut door, hut it is far superior in its behavior, since all shrink- 
ing and warping is thereby practically prevented. Iron and steel may 
be welded, most metals can be soldered, but none of these processes 
can bo comimred to gluing in elfectiveness and ease of oi^eration. 

So far wood has been regarded only as a material of construction; 
but while this is perhaps the most imj)Ortant consideration, the use of 
wood as a substance whicli may be altered physically and chemically 
is far more important than is generally admitted. 

12. Tlie groat mass of mankind is Avarmed and has its food cooked 
by wood fires. Even in this country to-day, in spile of the g!*eat com- 
petition of coal, three-fourths of all the homos and tlmusands of 
manufacturing establishments are sui>plied witli lieat from wood. 

13. Wood is ground into pulj) and made into paper and pulp boards 
with endless variety of api^lication. Wood pulp, made by chemical 
jn'oeesses, results in cellulose and its countless derivatives, which 
are capable of supplying almost anything, from a shirt collar to a ear 
wheel. 

I f. Distillation of wood furnishes charcoal to the smithy or furnace, 
vinegar to the table, alcohol to the artisan, creosote lo the wood pre- 
server, gas for fuel and light, tar for roof boards, and pyroligneous, 
oxalic, acetic, and other acids, as well as acetone, paraftin, naphtha- 
lin, etc., to the manufacturing chemist, and, by a slight variation of 
the process, lampblack to the printer and pjunter. 

Wood also differs from the metals in several other respects. It is 
not fusible, it can not bo cast; hence, to duplicate a form in wood 
requires the same amount of effort as did the original. Changed into 
pulp, and still more into cellulose, this drawback is largely overcome. 
Wood can not be welded, though, as stated before, this is more than 
compensated by gluing; nevertheless, an ond-to-end junction of the 
kind produced in iron can not be effected. 

Wood can not be rolled; it must be cut into shape; but owing to its 
softness and cleavability this requires incomparably less effort and 
equipment than the rolling of metals. 

Wood is hygroscox>ic; it contains water under all ordinary condi- 
tions, and the amount so contained varies Avilh external conditions 
and with it the dimensions of the piece. Though an advantage in a 
ban*el or tube, by making it more secure against leakage, this pecul- 
iarity of wood is nevertheless a drawback not belonging to the metals, 
but corresponding to the drawback in the use of metals occasioned by 
their annoying expansion and contraction duo to change of tempera- 
ture. Wood decays; iron and steel oxidize or rust. Both arc serious 
drawbacks to the use of these materials, but since decay depends on 
living organisms, whose multiplication is sometimes extremely rapid, 
at other times almost imperceptible, varying with the conditions of 
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the wood (moisture, temperature, etc.), the decay of woods is gener- 
ally more damaging than the oxidation of metals. Under water 
wood lasts longer than steel or iron. 

WHEREIN THE WOODS DIFFER. 

The properties which directly or indirectly lead the artisan to prefer 
a particular kind of wood for a special purpose may be grouped into — 

1. Mechanical properties, such as strength, toughness, stiffness, etc. 

2. Physical, such as weight and behavior during and after seasoning. 

3. Chemical, such as color, durability, and value as fuel. 

4. Structural, such as texture, beauty of patlorn, and length of fiber. 

5. Biological, such as size, form, and abundance. 

MECHANK^An FIlOPEllTIES. 

Of these several gi’oups, the mechanical proi^crtios naturally take 
precedence, and of these again tough- 
ness and stiffness arc unquestionably 
the most important, so that even the 
most general classification of woods 
into “hardwoods’’ and “not hard 
woods ” (for this latter class, though 
by implication the conifers, has so 
far no name in this country) depemds 
not. at all on hardness as the word 
might suggest, but on toughness, the 
tough woods being the hard woods, 
the others the conifers. Since tough- 
ness is a combination of strength in 
several directions, the various forms 
of strength should l>e first considered 
sex>aratoly. 

When in use, wood usually breaks 
in bending, as in the ease of an ax 
or fork handle, or else in shearing 
or splitting, as seen in planks and 
boards, whether on the sidewalk or in 
the \vagon body. Wood fails much 
more rarely in compression, though 
much exposed to this form of strain, and still less frequently in ten- 
sion, since in this direction its resistance is enormous, and can, in 
ordinary articles, never be brought to fair trial. 

Fundamentally, all strength of wood depends on four different 
forms of resistance, namely, the resistance to tension, or lengthwise 
separation of the fiber (fig. 94, A)^ resistance to compression length- 
wise (fig, 94, B)y resistance to compression sidewise, or to collapse 
of fiber (fig. 94, C), and lateral adhesion of the fibers (fig. 94, D). 
Where a stick of wood is tested, none of those forms of resistance can 



Fia. 94— Tho four fundamental forms of 
resistance: A, to tension; B, to comprea* 
sion parallel to fiber; C, to comi>re.-5sion 
at right angle to fiber; D, to transverse 
tension; /, fiber of wood. Arrows indi- 
cate direction of force. 
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be isolated and tested separately, and in every kind of failure two or 
more are represented. 

Since the strength of the fibers in jidhesion is very much less than in 
tension and compression, adhesion enters into nearly 
every test as an important factor. 

Thus, if a piece of wood consisting of several fibers 
is tested in tension (see fig. 95), the fibers a and b 
would probably not break at all, but bo merely 
pulled out, the failure, as far as they are concerned, 
being due to lack of adhesion and not io a lack of ten- 
sile strength. Every tension test presents numerous 
eases of this kind, the broken fibers presenting no 
even fractiirb, but being splintered and drawn out, 
especiaHy if the wood is good. 

In the same way when a piece of wood is com- 
pressed lengthwise, some fibers badly situated with 
regard to tlie action of the load collapse or else 
crush into their neighbors (see fig. 90), and immedi- 
ately a breach develops, into which fiber after liber 
falls, the broach siwading froiu lids point; and the 
whole mass of fibers, now no longer adhering in this 
plane, behave as a 
gi'eat n umber of sep- 
arate fine stran<ls — 
they “buckle,” and 
the piece fails. 

Bending is a compound test of com- 
pression on the upper (concave) .side 
of the beam and tension oii the lower 
(convex), and numerically stands be- 
tween these two, that is to say, if a 
stick breaks in bending, whether it 
break first on the upper side (in <’om- 
pression) or on the lower side (in 
tension), the bending « strength, as 
commonly slated, is neither equal to 
the comx)ression strength nor to the 
tension strength, but lies between 
the two. Here, as in the cases cited, 
adhesion forms one of the factors, 
since at failure part of the rupture 
consists in a separation of fibers. 

Shearing along the fiber is simply a test in adhesion, where the 
force acts in a line i)arallel to the fiber, and the values in shearing 
wherever tested agree with those of tests in “ transverse tension,” as 
the test of adhesion may be termed. 



sion: v, vessel; a, point where the ftbers 
are separating and the “buckling” is 
beginning. 



fibers in tension 
test: «, ends of 
single ftbers, v/liich 
may Lo iiiillod out; 
c, whole ftber, which 
must be broken. 
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In splitting or cleaving, the case is, like shearing, almost entirely 
one of transverse tension; with this diiforence, however, that the 
force is applied to a small area and acts on a lever (the side of the 
cleft); it acts, therefore, the more effectively the longer the cleft and 
the stiffer the wood. From what has preceded, it is evident that the 
adhesion of the fibers, or, better, the resistance to transverse tension, 
is of groat importance. Examining the structure, it is quite apparent 
that this resistance is greatly influenced by the shape and relative 
position of the fibers. In hard woods (see fig. 07) the cells do not 
arrange themselves in rows; hence, there are no natural cleavage 
planes (except at the i)ith rays). A knife passing along the line A B 
in fig. 07 does not merely separate two layers of fibers; it has to cut 
through the cells themselves; while if passing through coniferous 
wood, as along 
fig. 08, it finds a nat- 
ural plane of con- 
tact of two sheets of 
fibers, and t hus has 
cas 3 ’' work. Sloro- 
ovor, the (toiirso of 
the fibers in hard 
woods is rarol}^ 
straight, the fibers 
are genorallj^ in 
oblique posilioiis 
(best illustrated in 
elm), tho}^ “inter- 
lace,'’ and if a piece 
of wood is split the 
surface is fuzz}' 
with the myriads 
of fibers which were 
not merely sepa- 
rated, but were torn in tension, the very way in w'hich they offer 
greatest resistance. For these reasons hard woods have generally a 
much greater strength in transverse tension than tlio conifers. Thus, 
oak excels hard pine nearly as 2 to 1. Where this greater resistance 
to i.ransverse tension is accompanied by a greater flexibilit y, by more 
“ give,” as is nearly always the case with hard woods, the wood becomes 
tough; a blow may indent, but does not shatter. 

This toughness is a combination of relatively great strength in 
transverse and longitudinal tension logeilior with a fair amount of 
flexibility or capacity to endure distortion. That toughness varies 
widely is well known, as is shown in the elm, whi(;h excels in tough- 
ness, and in the yellow poplar, which possesses but little. Naturally 
the hard woods exhibit it to a much greater degree than the conifers. 



Fig. 97.— hard wood: /, /. wowl filKirs; pores; 
r, 1 % cavity of vessels. 
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Even a poplar board will bear far longer the constant jar and jolt and 
wrench which it must endure as a part of a wagon box than a very 
strong i>ioce of pine or other conifer, and great toughness, such as 
exists in a good hickory spoke, is not possessed by any known conifer- 
ous wood. 

Hardness in wood means the resistance which any surface, but par- 
ticularly the sides (longitudinal faces), offers to the entrance of a blunt 
body, such as a hammer. The test in hardness is one of transv(‘rse 
compression of the fibers, and therefore depends on their resistance to 
collapse. In a single fiber (see fig. 94, C) this resistance depends on 
that of the material (presumably about alike in all wood), on the sliiipe 
of tho fiber, and the relative thh^kness of its walls. Fibers like th(‘se of 
hard woods (fibers prox)er, see fig. 97), with a hexagonal cross section 

B 


hp 


Fkj. 91 --Typical conifer, drawn to sanio scale as hard wood: ?>, p, bordered pita, by which 
neighboring ojIIs (tracheids; ct>minunicato. 

and commonly scarcely .any cell lumen or hollow, naturally behave 
almost like solid wood substance. They offer great resistance, so that 
if the outcu* surface of a stick is formed by such fibi^rs its hai’dness is 
veiy great. If, on the other hand, the surface layer is comiiosod of thin- 
walled vessels or of tracheids, like tliose of the spring wood in conifers, 
tho wood is soft. In tho usual test the indentation extends but a 
short distance ahead of the instrument (as, for instance, when a tim- 
ber is struck with a hammer) ; but if the test is continued long enough 
the compression results in destruction of all tho tliin-walled and much 
of the thick- walled tissue of the wood, so that timbers, such as those 
sometimes buried in collapsed portions of deep mining shafts, are de- 
stroyed throughout. Such a crushed stick continues to resist further 
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crushing, becomes compacted, dense, and heavy, but loses nearly all 
its bending strength, etc. ; it takes up water rapidly, and when soaked 
crumbles like wood in the later stages of decay. Closer examination 
shows that all thin- walled Abel's have collapsed just like crushed 
pasteboard tubes, the break running along two or more lines the length 
of the fiber, the form of the cross section being changed from a hexa- 
gon to an 8 shai)e, or an approach to this form. 

The hardness of wood in the sense as noted is quite variable, even 
in wood of the same species, varying on different sides and also 
according to the portion of the annual ring exposed at the surface, 
the extent of co 2 ni)ression, and other circumstances. 

In nearly all wood used for construction, whether a bridge timber, 
the studding or joist of a house, or merely a table or chair leg, the 
stiffness of the w^ood is an essential quality, and in many if not most 
cases it is far more imiiortant than the ultimate strength. Thus, 
a rafter or joist need not bo very strong, but it must bend but 
litllo under its assigned load, and even in furniture and smaller 
objects the piece must not only bo sufficiently largo to hold up its 
weight without breaking, but to hold it without being distorted to an 
unsightly or troublesome degree. In this case ultimate strength is 
3xot (ioiisidered, but stiffness or elas- 
ticity rather, and in the majority of 
cases a ‘ ‘ strong wood ’’ is, with the arti- 
san, really a stiff Avood. The stiffness 

of a piece of wood depends on its weight os.-sinBie cell test in bending, 

and on its structure. If a single fiber 

of pine (see fig. 99) and one of hickory, both of the same size and 
thickness of wall, could bo tested, they would probably be found alike 
in stiffness, strength, and degree of extensibility, for both are practi- 
cally alike chemically and physically. The great difference between 
these woods must therefore bo in the combination in which tho fibers 
occur in the wood structure, and it is in this that wo find a ready and 
plausible explanation for differences. A glance at figs. 97 and 98, 
the one represcnling typical bard wood, the other coniferous wood, 
shows that — 

1. The elements of structure arc alike in conifers, unlike in hard 
wood. 

2. They aro all largo (comparatively) in conifers, while in hard wood 
extremely small elements (fibers proper) form scattered bodies among 
larger ones (parenchyma) and very largo ones (the vessels). 

3. These bodies of small fibers, the strongest part of the wood, 
have extremely thick walls, comimred to their size, in tho hard w'oods, 
but much loss so In tho conifers. 

4. The fibers in conifers aro arranged in perfect rows (or really 
sheets, for the cells of each row are practically conterminous), those of 
hard woods aro found in divided bodies, and appear like separate 
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strands of specially strong materiaL In addition, the fibers (traclieids) 
in conifers are usually much longer than those in hard woods, a fact 
not shown in the figures. On account of these structural conditions 
the fibers in the conifer act much more perfectly together and allow 
less ‘‘give” than the heterogeneous elements and especially the sepa- 
rated strands of fibers in hard woods, which arrangement permits more 
“give,” and this “give” lessens the stiffness or elasticity of the hard 
wood. For if we return to our single cell (see fig. 99) wo would have 
the upper part comimesscd when the fiber is bent, the lower extended, 
and the behavior would simply depend on the shape of the fiber and 
the material of its wall, but if wo liavo a set of fibers and vessels (see 
fig. 100) grown together and tested the behavior depends not only on 
their shape and the material, but also on the relative position of the 
fibers and other elements. Those which are crooked or oblique on 
the upper side of the stick will have their unfavorable attitude 
increased, those on the lower side will merely be straightened or but 
partly strained, while the main i3art of the load applied at first is 
borne by only a part of the fibers, that is, those straightest in their 
position. Here the large fibers of the conifer with their regularity of 

arrangement all fall in line 
at once, they are “straight 
grain, the “give” is small, 
and the timber is stiff. 
Moreover, when the load is 
removed the case is exactly 
reversed. The fibers of 
coniferous wood, all being 
strained, exert the same 
power to return, while 
many of the fibers in the hard wood, on tlie other hand, are really 
under but little strain, they make little effort to return, the timber 
does not “spring back,” and thus is neither very stiff nor springy or 
resilient; it is not very elastic. Thus, it is that conifers are, as far as 
is known at present, generally stifEer than hard woods of the same 
weight, the difference often being very considerable. The finer and 
the more even the structure of the hard w^ood, the straighter the grain, 
the greater the weight of. any wood, and the more perfectly it is sea- 
soned, the stiffer it is. In conifers this quality seems to vary directly 
with their weight. In hard woods the matter is too little known to 
warrant any general statement, though here, too, heavy woods like 
oak and ash are stiffer than light woods, such as poplar. 

PHYSICAL PROPERTIES. 

Weight is an important indicator of the mechanical qualities of 
wood and a direct measure of its value as fuel or material for coaling 

*It must not be understood that coniferous wood is always straight grained in 
the ordinary sense of the word. 





Fig. 100.— Behavior of hard wood in Lending. 
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and dry distillation, and often det-ermines the choice of woods for a 
particular purpose. Thus, panels and other surface lumber in vehi- 
cles, thrashers, and other movable articles, which should be no heavier 
than necessary to perform their function, and all lumber for shipping 
crates and boxes, especially where those must be tight and stiff, are 
invariably selected from the lightest wood obtainable. 

Generally speaking, our conifers are lighter than the hard woods, 
but there are light and heavy kinds in both. 

Shrinking, swelling, warping, and checjking are the greatest draw- 
backs to the use of wood, and are all exi)ressions of the same property 
of wood material, namely, its hygroscopicity, or capacity to absorb 
or give off water and tliereby change its volume. All the walls of 
the cells grow thicker if a ilry piece is moistened. This increases 
the size of the cells and thereby the size of tlie ])iecc. The larger the 
single cell elements the more rapidly the watei* can get to or from 
all parts, and the nearer all cells are alike in size the more nearly 
they shrink and swell alike. 

This explains why pine or other coniferous wood slirinks and swells 
mu(‘h moni evenly than hard woods, and also why they are more sus- 
ceptible k) moisture. It. also accounts for the fact that the lighter 
hard woods gite so much less trouble in shrinking and swelling than 
the heavier ones, 

CHEMICAL PROPERTIES. 

Since the chemical composition of the cell wall of all woods is quite 
similar, the value of wood as fuel and in dry distillation merely 
depends on its weight. Of tlie chmnical properties important in con- 
struction, it is chiefly durability^ and color which enter into the selec- 
tion of materials, both dependent on cliemical combinations. Wliat 
the substaiKjes are wliicli make tlu^ heart of cedar and white oak 
durable and wdiat the processc^s are wliic.li lead to their formation are 
as yet but little understood. It is certain that these b(Rlics are pres- 
ent. only in very small quant.ities, but perfectly permeate the cell walls 
and commonly appear together with mor<i or less sharply marked 
changes in color. 

Generally, trees with durable wood form a distinct heartwood, but 
tlieir sapwood is no more durable than that of other kinds. Since 
durability depends mainly on i*esistanco to living organisms, proper 
experiments to determine the relative durability of woods are exceed- 
ingly complicated, and satisfactory results ai*e still wanting la the 
absence of better data, the ‘‘life” of railway ties as coininouly 
observed will in some measure answer vhis purpose. 

^ Durability here means the resistance to decay when placed in the ground or 
otherwise unfavorably exposed. 

12 A9tJ 26 
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Mange of durability m railroad tics. 

Years. 

White oak and chestnut oak 8 Redwood 

Chestnut 8 05 ^)ress and rod cedar 

Black locust 10 Tamarack 

Cherry, black walnut, locust 7 Long-leaf pine 

Elm 6 to 7 Hemlock 

Bed and black oaks 4 to 5 Spruce 

Ash, beech, maple 4 

An oven color, a darker or lighter shade, are such important ele- 
ments in the appearance of wood that in all finishing work color is 
one of the chief considerations in the selection. 

STRUCTURAL FEATURES. 

Besides being intimately related to the nicclianical properties, the 
structure also determines the texture and almost entirely the beauty 
of tlie wood. Texture may bo said to be coarse when largo iiorcs, in 
rows or scattered, api>ear as holes on the ends or as dark streaks 
(troughs) on the sides, as in oak and ash; it is moderately co[irso if 
all its elements are largo, as in jiiuo, and it is fine if all the elements 
arc small, as in cherry, and much more so in boxwooth Apart from 
the appearance of the wood, tho texttiro is often in itself a projierty 
which fits or unfits tho wood for a imrticiilar use. Thus, red oak is 
useless for a faucet or for a delicate piece of carving, because in tho 
one cfiso it leaks, in tho other its own coarse-loxturo lines will mar 
and distort the picture. 

Structure is tho first element of beauty in wood. Its uniformity 
of structure makes white i^ine monotonous; the striking difTerenco of 
spring and summer vrood renders hard pine obtrusive; tho arrango- 
meni of vessels, fibers, and pith ra3^s cliaractorizo oak, and the i^eculiar 
arrangement of the same elements gives to elm those liandsomo figures 
of dark wavy lines on an even ]>ackgix>und of brown. 

Without analyzing or iiKpiiring into their cause, tlic sovex'al pat- 
terns have become familiar to all, and our bedroom sets in oak and 
maifio, cherry or walnut, testify to tlioir recognition and importance. 

niOLOOICAL PECUI.IARITIES. 

Size, form, and abundance of wood more tlifiii any other features 
Jiave influenced tho develoi>nient of our wood industries. Man is 
indebted to the largo, long-shafted, and well-formed conifers to a 
degree rarely appreciated for assisting him in lii.s progress. Occur- 
ring on extensive areas and combining most useful qualities, they are 
generally sought for structural ixnrposes. Masts of spruce and June 
are carried across tho seas, telegraph and other long poles of the same 
species are hauled hundreds of miles because of their form and the 
ease with which straight, elastic material can be found among them. 


Years, 
13 
10 
7 to 8 
6 

4 to 6 
6 
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If n carpenter were obliged to rely upon beech, birch, chestnut, oak, 
poplar, etc., and had to use them in combination, house building 
would be not only much more difficult and costly, but unsatisfactory. 
While the stringer or joist of pine would keep straight, its neighbor, 
the oak, would sag down, the chestnut would warp out of line, the 
beech and hickory would soOn be infested with boring insects, and 
the whole would bo a failure. Abundance in suitable size, form, 
and qualities have made white pine the king of American woods, and 
so fully are these properties appreciated in practice that it required 
a severe struggle to introduce even such unexcelled material as 
cypress as a substitute. 

wherp: ANi> now wood is used. 

Though the consumption of lumber and timber in the various trades 
is enoimoiis in this country, yet nearly threo-fourths of tho twenty- 
five billion cubic feet of total consumption still finds its way into tho 
fireplace or is employed for fencing and other minor uses. 

For these pur];>osGS almost all kinds of wood are used, though quite 
a selection is made wherever choice exists. Thus, in many of the 
belter- wooded districts only the heavier hard woods, and often only 
tho better second growths of these, furnish a marketable cord wood. 
Fencing is normally made from the Avood on the laud to bo fenced, 
but the combination of durability, ease of cleavage, and lightness 
leads to prcfcrcnco of chestnut, cedar, etc., provided these can be 
had; otherwise any and all kinds are used, and much fencing is made 
of sapling poles and brush, notwitlistanding tho rapid decay as Avell 
as inferiority of such material. 

But little more caro is necessary in the selection of timber for rough 
constructions like log houses, bams, and sheds. In these cases timber 
of such largo dimensions is commonly used that its mechanical prop- 
erties are never greatly taxed, and tho principal properties desired 
are case of .shai)ing and durability, and even this latter is doemcKl 
requisites only for foundations and iinprotoeted portions. 

CAKPENTliY. 

Among the AvoodAvorking industries that of carpentiy, Avith nearly 
^<30(\000,()00 Avorth of annual iwoduct, is, in this country, by far the 
greatest consxiiner. The material for this trade furnishes omployincnt 
for most of our lumber and planing mills; it is generally siwod into 
standard sizes, much of it planed, matched, and other\viso finishec!. 
Ill carpentry avo may distinguish between the covered or rougli por- 
tions, such as the framework of a house, including sills, studdings, 
plates, joists, rafters, sheathing, and roof boards, and the exi)oscd 
parts, such as the floors, doors, window frames, sash, blinds, and any 
stationary furniture, as store and office fixtures. For the former the 
wood must bo abundant, in suitable, preferably standard, sizes, for 
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any cutting involves extra labor and waste, any splicing adds to the 
cost and deducts from the value of the product, and it is fair to say 
that the excellence, cheapness, and rapidity of American carpentry 
is in a large measure due to the development of uniform lumber 
standards. The wood for covered work should be straight, soft, or 
easily worked; it should bo light, stiff, and insect proof, and should 
season rapidly without much warping. On the other hand, it does 
not require to be tough or very strong, for if properly designed and 
used, the full strength of the frame of a house is never put to test; it 
need not be flexible, cleavable, nor handsome, and, so long as it is kept 
dry, but little i)rovision is requisite for its durability. It is readily 
seen that the combination of properties here desired is possessed to 
a considerable degree by all our common coniferous woods; and as 
a matter of fact entire houses are built of pine, or si)ruce, or fir, and 
everything from a sill to a shingle is made of every one of the many 
conifers in the market, nof. oven excluding the hemlock. Where 
choice exists, the heaviest forms furnish the stiffest lumber, and may 
therefore be used in the smallest dimensions. Nearly all this W(»od is 
nailed or spiked in place, very little is framed by mortise and tenon, 
and none is glued togethei*. 

In selecting the lumber for the exposed portions of carpentry work 
great latitude exists. Aside from the floors, stairways, etc., where 
the hardness or resistance to wear establishes pnd’eionce for liard 
woods, such as oak, maple, and birch, nearly the same qualities are 
demanded as for the covered work, with, however, the important addi- 
tion of beauty, or satisfactory appeaniij(?e, and a gn^ater degretj of 
hardness to x>rotoct against injury by denting and scratching. Though 
formerly a large j)art of this class of work was made of soft i)ine, the 
introduction of modern machinery, besides better taste and other 
causes, have greatly stimulated the use of hard june and such liard 
woods as oak, ash, maple, birch, sycamore, gum, and elm, with a i>os- 
sibility of using almost every kind of wood grown in our forest. Gen- 
erally, this flnishing lumber, as it is commonly termed, is nailed to its 
j)lace, the floors, ceiling, wainscot, etc., being tongued and grooved 
and thus in part framed together, whih^ regular frame and panel work 
is used only for furniture, dcK)r8, and sash, and occasionally for ceil- 
ings and sides. 

As in the preparation of lumber, the carxjenter is greatly aided in 
this X)art of his work by numerous special industries. SUindard sizes 
of doors, sashes, and blinds are made almost, altogether in special fac- 
tories; stairway railings, ornamental columns, all moldings, fancy 
floors, oiiice and store fixtures are made in separate shops and require, 
on the part of the constructing carpenter, only the fitting and placing. 
In part of this work much artistic taste is displayed and the methods 
of tbe cabinetmaker are resorted to. Turned and carved decorations, 
the use of fancy woods — ^curly, bird’s-eye, and other forms — (often 
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foreign woods) both in solid pieces and veneer, are employed, and the 
selection of the woods is much the same as in cabinetwork, though a 
greater range is possible, since in stationary parts the strains due to 
moving, etc., are avoided. 

Enormous masses of wood are annually consumed on our highways, 
especially on railways, for wharves and piers, and large quantities 
also in mines. The hundreds of miles of wooden railway bridges and 
trestles and many more miles of common bridges, together with piers 
and wharves, are generally built of heavy timbers, either sawed, 
hewed, or in the rough, while smaller dimensions, chiefly 2 to 3 inch 
planks, enter merely as cover, and are usually wanting in the case of 
railway construction. Wh<?re foundations are made by means of piles, 
or largo timbers driven into the soft ground, durability is always a 
much-desired property. Nevertheless, more tlnin one-half of all the 
l)ilo limber is pine, and only a minor fraction is of while oak and other 
durable woods. In brackish and salt water, where the timbers never 
have time to decay, but are attacked by the boring shellfish — the 
teredo — durability can be of but little importance and the wood is 
selected with regard to size, shape, and ch6ax)ncss. 

What has been said of piles applies to the larger jjart of all wharf 
and i)ier timber; durability is the most desirable quality sought, for 
Uio conditions arc here always unfavorable to the i)reservatioii of 
timber, (generally no other demands are made. Ultimate strength, 
hardness, weiglit, and beauty, all are of secondary consideration in 
this kind of construction. 

A large jjart of all mining tim]>or serves the j)urpose of Xirotecting 
the shaft against caving in, but great quantities are also used in the 
prei)aration of tram and rox)e ways, hoists, and other structures used 
in tlie remoAal of the j)roduets of tho.minc. Most of this material is 
used in largo quantities at one xdace and in large sizes, and the avoid- 
ance of long-distance haul, usually costly in mining districts, abun- 
dance of lu oper sizes, and cheapness are of greatest importance. The 
bulk of mining limbers, both in this country and abroad, are there- 
fore of coniferous wood, most commonly pin<% locally hemlock, larch, 
cedar, etc., and oecasionally hard woods. Timber for bridges and 
trcvstles, esi)eeially large structures, such as railway truss bridges, 
demands suitable form and size, great stiffness coux^led with a mini- 
mum of weight, and also an easy, even seasoning of all the i»arls. 
These timbers are rarely seasoned when put in place, and a consider- 
able warping of any ])arts would endanger the structure. Accordingly , 
the conifers — pine, spruce, (*yi>res8, cedars, etc. — form the princii)al 
bridge timbei s, and hard woods are luily used in exceptional <*ases. 
Bridge and trestle timber is usually sawed in staiuiard sizes and large 
stocks of it are kei)t on hand by most railways. In x)lacing them the 
parts are bolted together, all framing by mortise and kmon is avoided 
as much as possible, and the tensile strains are lax'gely intrusted to 
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iron rods, while shearing or splitting from the ends is avoided by 
metal caps* In this way a great part of the timbers are strained 
chiefly in endwise compression, where again the conifers excel when 
the same weights of Avood are compared. As in the case of wharf 
limbers, durability, though a desirable factor, is generally regarded 
as of secondary importance, and abundance in proper sizes and form, 
stiffness, lightness, and good behavior in seasoning determine the 
choice, though very perishable woods like beech, maple, and hickory 
arc always excluded. 

In all larger and more i)ermancnt work of this kind, iion and steel 
are j‘apidly disphicing wood as a material of construction. Theso 
metal structures are not only more durable, but in case of bridges 
avoid the danger of fire, and being framed as far as i>ossible at the 
factories may be erected in a remarkably short time. 

noAD 

For the purpose of railway IIokS over 400,000,000 cubic feet of young 
and sound timber (mostly second grovrth) jiro annually required. 
Ileing largely buried in the ground (ballast), and therefore exposed 
to the most unfavorable conditions possible, most ties decay long 
before they are worn out, and durability, therefore, is the first con- 
sideration in their selection. Nevertheless, especially on laxge trunk 
lines with hocavy traffic, ties are commonly injured by wear, not only 
to an extent w^hich hastens the decay, but often to such an extent 
that the lies are worn out before decay lias become injurious. In all 
such cases the ties require a considerable degree of hardness and 
toughness, or else must be i>rotected by inotal *'lio jdates.” This 
valuable combination of durability, hardness, and iouglmoss, together 
with great abundance, oak limber alone possesses, and fully 00 i)er 
cent of all ties are made of white oak (several si>ccies), pine, owing to 
its cheapness, following, while the rest are mostly cedar (several 
species), chestnut, and hemlock, the last mimed being cliosen only on 
account of its cheapness. Railway ties are generally made from 
round timber, rarely from splits, hewed on two sides (toi) and bottom), 
more rarely sawed to size. On many of the larger roads an effort is 
being made to increase the life of ties by imimegnation with metal 
salts or creosote, and also by protecting them against severe wear by 
means of metal tie idates. The substitution of metal for wooden ties, 
so extensively practiced abroad, has scarcely begun in this country. 

Wooden blocks for pavements have been considerably experimented 
with, but their introduction in this country seems to progress very 
slowly. Both round and squared blocks are used; they are made 8 
to .10 inches high, usually placed on a special foundation, the spaces 
filled with asphalt and other mixtures. Exposed to great wear and 
liable to rapid decay, the wood for this purpose should bo quite hard 
and fairly durable. Less durable wood, sucli as beech, elm, pine, etc.., 
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is impregnated. Wooden pavement of badly selected sections of sap- 
lings of cedar or cypress, such as exists in Chicago and other places, 
is nnsatisfactoiy in every respect. 

SniPWUILDING, 

In shipbuilding, small as this industry is in this country at inosent, 
very large quantities of wood are consumed. Of the §29,000,000 worth 
of ships and boats built in 1800 about §14,000,000 worth were built of 
wood, the rest of metal. Rowboats, river barges, and kiudre<l vessels 
are generally constructed of ordinary coniferous lumber, pine, si>ruco, 
lir, and cedar prevailing; in larger boats and most seagoing vessels, 
in which the hull is almost a solid mass of hewed rib timbers covered 
outside and inside with heavy planking, largely fastened with locust 
treenails, the rib frames, keel, and outside planking are made of 
hartl w'oods, preferably oak, the inside planking and decking of conif- 
erous woods. 

Since not all immersed x>orti()ns arc subject to decay, such perish- 
able woods ns maple and birch, contrary to common belief, answer very 
w’ell for frame timbers and planking. Cabins for crew and x)nssen- 
gers, and fraraow'ork for mast and machinery, arc usually built of 
coniferous w’oocl, the w’ork resembling house carpeutiy; masts and 
other spars are made of conifers, usually i)inc. 

As in the case of bridge ^vork, iron and steel are rapidly disidacing 
wood in naval constructiou, and by far the greater i)art of tlio bettor 
seagoing vessels arc no longer made ly tiio shix) carpenter, but by the 
boilermaker, and the u.se of wood in shipbuilding is tliorcby limited 
to decking and linishiiig lumber. 

JuINEltY, 

The joiner's trade, including furniture, eal>inel, and box work, wdth 
an annual product of about §200,000,000, ranks at i>rosent next to car- 
pentry as a consuiner of 'wood. As in all other brandies of industry, 
a great amount of speidalizaliou lias taken x>lace, and almost all our 
establishments man uFacture but one lino of goods, frequently but a 
single article. Tiioiigh grivib di [Tere)i(‘o exists in the work of those dif- 
fident establishments, the extremes are connected hy numerous links, 
and any classification is accordingly imjicrfoct. In the selection of 
wood for this industry w'o may distinguisli between two kinds, the 
more important one, which must ideaso the eye, and the loss impor- 
tant, in Avhidi beauty is but a secondary consideration. 

In addition to being handsomo (a matter of taste), good furniture 
wood should bo fairly luird in order to make a strong joint, jirovent 
indentation, and assure a good jiolish and Avoar; it should also be 
fairly tough to avoid s^ilittiiig, and for some parts quite strong to 
permit its use in small dimensions in spite of hard usage. 

In recent years fashions in w'oodwork have sprung ux); walnut, 
cherry, oak, raaxde, birch, elm, ash, gum, all ha% c their admirers and 
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are rivals for predominance, and at present it may be said that any kind 
of hard wood which is offered in sufficient quantities and proper sizes 
will be acceptable to the furniture trade. In all better grades of work, 
curlj^ bird’s-eye, and other figured woods, as well as foreign woods, 
are extensively used. 

The second class of woods used in joinery is employed as covered 
or as body wood under veneer, as backs of cases, bottoms and sides of 
drawers, and for ordinary cheap cheste, boxes, and crates for storage 
and shipping, of which about $50,000,000 worth arc used each year. 
For these purposes all the lighter hard woods as well as conifers are 
used, and they are generally valued according to lightness, width, and 
freedom from knots. Most of the joiner’s material consists of sawed 
lumber; chair rounds and legs, and a large i)art of the bent ware, 
are often made of split stock. All material is thoroughly seasoned, 
passing usually through the drying kiln before it is used. 

In this kind of construction larger surfaces arc paneled, both for 
ai)i>earance and the better behavior of the structure. Veneers, both 
sawed and cut, arc employed in single layers on a soft-wood body, as 
on large cabinet pieces, both to save co.stly woods and to j*(‘duce weight/, 
as well as to guard against shrinkage. They are also us(h 1 for seats, 
etc., in double and triple layers, glued together and pressed while 
being glued into the particular form desired. Jlost of the wood is 
planed, but largo quantities, especially in chairs and table work, arc 
turned, and probably the greater part of all wood turning, as well as 
much wood carving and braiding (rattan and wicker work), is done 
in connection with this trade. Aside from packing box(‘s and crates, 
the great mass of this Avare is joined by gluing; much of it is “dove- 
tailed” and otherwise framed, and, unlike the (*arpcnter, the joiner 
relies more on the screAV than the nail. 

Attempts to substitute iron and steel in furniture work arc eon- 
stantly being made, and iron bedsteads, and iron-framed seats for 
schools, churches, and parks are quite extensively used. 

CAR AND WAGON WORK. 

In the manufacture of wagons, carts, carriages, and cars, we maj^ 
distinguish between those using wooden wheels, including all common 
vehicles, and those using iron wheels, usually running on tracks, 
including street and vsteam cars. The timber used in this trade may 
be divided into two groups, that, used for vrheels and axles, or the run- 
ning gear, and that of the box or body of the vehicle. The former, 
especially the wheels of ordinary wagons and buggies, are exposed to 
harder usage than almost any other kind of wooden structures. Every 
iniie of ti'avel means thousands of jars, blows, jerks, and jolts to the 
wheels and to the entire running gear. Moreover, both hub and fel- 
lies must bear numerous large mortises to recjoivc the spokes, and at 
all times the weight of the wheels as well as of the whole vehicle 
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should be as small as possible. For this reason the wood used in the 
running gear must be of the toughest and strongest, and hickory, oak, 
and elm are normally the wheelwright’s woods. In good work, spokes, 
fellies, axles, and shafts are made of split stock, for which only the bni t 
cut (lower C to 20 feet) of young or second-growth trees arc used. A 
greater range for selection exists in th<5 case of coarser work whore 
larger sizes are employed, and here the fellies, tongues, bolstei‘s, and 
axles are commonly made of sawed timber. 

In its simplest form, as seen in the dray, cart>, or lumber wagon, the 
body is a mere platform to hold the objects to be transported. In 
th(^ (*arriage and car it becomes a house in which the goods or passen- 
gers are sheltered as well as conveyed. In the former case it consists 
merely of a few boards or planks, x>T’oferably of some light wood, 
s<*/r<'wed or bolted to crosspieces, togetlnn* with movable or fixed sidcv^ 
and ends to pre\'eiit any mabudal from falling off. In the latter, it is 
a large ]k>x more or less comxdetely covei*ed and supidied with doors, 
to which are added in the X)as8enger car numerous windows and ven- 
tilators. Abundance of s])ace, small weight, and great strength are 
demanded of all carriage and car bodies, and since the injury of the 
jars, jolts, and wnuichings 1o which these bodies are constantly 
ex])osed grows with tlnnr weight and size, they require careful con- 
st ruction and good material. 

In general, such a b(»dy consists of a strong hard wood frame with 
X>anels or (‘.over of thiiiiu^r and usually lighter material. In carriages 
and passenger cars, X)articiilarly the liglilly built street cars, where 
tliese fraiiK's are (jiiite conii)licate.d and the dimensi^ms of all but the 
bottom timbers r(‘duccd t-o tlio smallest x> 0 ‘SJ^ible size, and where, more- 
over, mortis(^s ar(‘ (Mit int^) almost every timber, only the tougher hard 
woods answer the purpose. Where timber is used in larger dimensions 
and the (Hmstructioii is simplified, as in f reight c^irs, e.oiisiderable hard 
j)ino is used. 

Oak, especially wliite oak, and ash are the favorite timbers for 
framework; the cheap and thick covering is made of pine, panels and 
finisliing work of yellow' x)ox)lar, basswood, sometimes true poxdar, also 
of ash, oak, cheny, Avaliuit, mahogany, etc., either solid or in veneer. 
In this finishing w'ork, taste and expense, even more than fitness, 
determine the choice of material, and the methods employed are those 
of the cabinetmaker. The wchkI for bodies is universally bought in 
th{^ form of lumber or sawed timber, and its treatiueut is the same as 
\n furniture work. 

The amount of timber used in wagon and ew work is very gi eat. In 
1890 the value of the total output of this trade was about 1340,000,000, 
of which $205,000,000 fell to the manufacture of steam and street cars. 

COOPERA(}E. 

Coox)erage ware may be divided into light i)ackages, capable of 
holding liquids, and ‘‘slack” ware, intended for dry substances, such 
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as flour, cement, and lime. All cooperage ware is made in two dis- 
tinct forms, the barrel-shaped, where tho stave is bent longitudinally 
and cupped transversely, and the tul>-shai>ed, where it is straight 
longitudinally and only cupped transversely. 

t In addition to resisting groat mt^chanical stresses and rough usage, 
barrels containing costly liquors should iini)art no taste nor allow the 
liquid to ooze out, and thus bo lost. Barrels being stored often for 
years in damp collars, the material should also possess considerable 
durability and be insect proof. Of ali common woods, white oak (sev- 
eral species) alone fulfills these requii'omcnts, and it is thereioro the 
only material of Avhich at jiresent first-class wine and liquor casks are 
made. For inferior grades intended for oil, sirup, etc., other hard 
woods, such as red oak, inaide, elm, ash, beech, and chestnut, are also 
u»scd. Tanks, tubs, pails, churns, and other “straight-stavo’^ ware, 
receiving much less hard treatment, are commonly made of conifei'ons 
wood — ^pine, spruce, cypress, and especially cedar. Slack barrels are 
made of almost every kind of wood offered in j>r(>por sizes, though 
hero again tho hard woods are proforre(l where great weight, and hard 
treatment endanger tho siriicturo. 

White-oak stock is usually split in tlie woods, ordinary stock and all 
slack-barrel stuff are sawed on special machines viilch imitate the 
splitting. For this purpose tlio wooil is coramonl}^ bought by tho cord 
in bolts of i)rescribed length, the staves and heads packed and shipped 
in sets, or else set up and sold as finished barrels. 

Tliough wooden lioops are largely displaced by iron, mucli <mop(U‘’s 
ware is still botmd in hoops of ash, elm, chestnut, wnllow, and hickory. 
An output of $->8,000,000 worth of ware for the year 1800 full}’' illus- 
trates tho imiiortance of tlio cooper as a wood cousiuuer. 

FARM AND HOUSEHOLD MAUllINEIlY AND JMri.EMKNTS. 

Though almost every article cnum(*ratcd under this group is made 
by a separate special factory, it is, for the i>urpoHo in hand, (a>nveu- 
ient to group them under a common head according to their use. 
Hero belong thrashing macdiines, fanning mills and windmills, har- 
vesters and other rcainug machinery, cultivators, plows, harrows, ail 
kinds of dairy apx)aratu.s, washing machines and clothes wringers, 
ladders, and pmmps; then also the smaller iinx>leinonts — hand rakes 
and forks, snow shovels, etc. 

Most of these articles are subjected in their ordinary use to shaking, 
janiiig, jolting, and w renching, and wdiile this amounts to little more 
than a strong vibrating motion in a fanning mill, it equals, in the case 
of plows, cultivators, or reaping machinery, the trying stresses l)orne 
by a wagon or cart. 

In general, it may bo said that all kinds of w^oods are used in the 
manufacture of these iinidements, by far the greater i>arl. being 
hard wood, and their selection depending solely on the mechanical 
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stresses to be met. Where these stresses are very great, as in plow 
beams or cultivator frames, and where, moreoTcr, the timbers are 
extensively bored and mortised, only the strongest v-oods — hickory, 
oak, ash, and elm — ^meet the requirements. Larger machinery with 
extensive surfaces, such as thrashing machines, are built with a hard- 
wood frame, made usually of ash or oak filled or covered with some 
lighter hard wood, such as basswood or ijojfiar. 

Ill the smaller implements the mechanical requirements <are often 
very great; thus nothing but lough hickory makes a good axorx)itch- 
fork handle. Where these stresses are less, ash, maple, elm, beech, 
and birch are perniLssilile, and in such cases as broom handles oven 
basswood and iiojilar. In almost all cases the conifers are excluded on 
account of their Ic^udeucy to 8i)lintor and shatter for w'ant of toughness. 
Most of the vvoodof lliese articles is bought as ordinary lumber, con- 
sidera1)lo quantities, especially of late years, being sawed at the saw- 
mills for the jiarticular purpose intended, and but little made from 
split stock. The industries here eniiin orated t iirncd out in 1800 nearly 
$100,000,000 worth of j)ro<luct, of w liich x>er]iaps oue-fif tli w'as for wood- 
work i>roi)or. Substitution of iron for wood and w'ood for iron is 
conskinUy going on in these industries as oxi)erience modifies the 
vi( 3 W\s of both consumer and maker. 

WU<>]>FXWVAKF. 

Under woodenwaro may 1x3 grouped the niuuerour; articlos made 
by ilio turner, the carver, and the split*w*aro industries indei)onil( 3 nt 
of the large luaiiufaclures previously mentioned. Thus, the turner, 
in addition to his work in tli(3 joiner's slioi) and car factory, siii)X)l[es 
spools, bobbins, and sliiitlles to the textile industries; liaiulles for 
eliis(d, hammer, and tile; shoo lasts and oilier form blocks; wooden 
shoos, artificial limbs, crutches, gunsioeks, ])utter and other molds, 
and a host of other articl^^s. 

A go(xl chisel handle should wear smooih, bo hard to hold the tool, 
and bo tough to resist splitting. Similarly a shoo last must be firm 
and smooth cand not easily sxilit or shattered by hammering; a faucet 
should not leak, and an Indian club or biliiaul cue should bo firm, 
strong, and stiff, as well as of good appearanec. 

Of our woods, cherry, iioar, apple, hawdhorn, dogwood, jiersiminon, 
and walnut for finer w ares; maple, birch, l>eeeh, blue beech, and iron- 
wood for less decorative wmres, and basswood, poplar, willowy rod 
cedar, with occasional use of siiruce, pine, etc., for light goods, form 
the common materhil; but t here is no wood possessing sufficient hard- 
ness and a fair texture wdiich could not wxdl bo employed in this trade. 
Turner’s stock is both split and saw^ed to size, and grciit care is exer- 
cised in its seasoning. 

Carving, in this country, is almost limited to tlio decoration of the 
products of the joiner, the car builder, nu<l the shipbuilder; and many 
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of the articles formerly made by the carver, such as bowls, scoops, 
trays, shoe lasts, clothespins, etc., are now made by the turner. 
Carvers* material must have several distinct qualities. It must be 
sufficiently hard, strong, tongh, and fine in texture to receive the 
details of form without breaking or splitting; its color and texture 
must be such that these details are clearly shown and the picture 
not marred by obtrusive peculiarities of color or structure of wood; 
and, lastly, it must also be hard enough to preserve the details under 
ordinary use. From this it is clear that the selection depends largely 
on the nature of the carving. In rough, cheap articles, with no fine de- 
tails, any wood is good enough, and usually the softer kinds, like bass- 
wood, j)oplHr, and oven spruce, arc used. Heavy ornaments like 
large bas-relief figures in church paneling are usually made in oak, 
in si)itc of its coarse texture. For small articles with minute details 
only hard, even-colored, and fine, even-textured woods like cherry, 
apple, dogwood, etc., can bo used. The wood for these puiq^oses is 
usually split from the log, requires perfect seasoning, and ail larger- 
sized objects should be made of several ineces. 

Wooden type for the xu’inting of show bills, etc., also a kind of carv- 
ing, requires a hard wood of <‘<ven texture, and sag>ir maple is usually 
emxfioyed, though such voods as birch, holly, etc.., would do equallj^ 
well. 

For the i)urpose of fine wood engraving none of our native woods 
seem to be sufficiently fine in texture, and foreign wood, chiefly box- 
wood, is used. 

Split and veneer ware include the finer grades of wdekor ware, made 
of split and planed willow rods, split baskets, wovem ware for window 
shades, curtains, hats, etc., sieves, dry measures, matclies, tootlqiicks, 
pegs, excelsior, also v<Mieer boxes, plates, baskets, and crates. 

Lightness, clieai)iiess, and toughiujss usually decide tlie choice of 
material for these j)urposes, and though the easy sifiitting spruce and 
pine are worked u]) into si)lint baskets ilie result is never as satisfac- 
tory as if hard woods arc employed. Poplar (both true poi)lar and 
tulip) and basswoods are the best of woods for this use, but whore 
power and logs are cheap, gum, inai>le, birch, beech, and otlior fairly 
even-textured woods are exit, and the x)rmiiict is natiiraily superior in 
strength and weai*. In these industries the wood is split or cut into 
veneer and strands while fiesh, worked up at once, or dried and then 
usually remoistened when woven or put in shape. Any solid bottoms 
of crates and boxes are made of light j)ino and sx>ruco lumber. 

In pianos and organs the outer covering is made of fancy woods, for- 
eign or native, solid or more commonly in veneer; frame and action of 
hard wood, particularly ash and maple, the latter being preferred for 
piano actions. Larger surfaces and veneer-covered body wood are 
pine, spruce, oi* other conifer, while the sounding-boards are almost 
exclusively spruce. 
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Among the miscellaneous consumers of wood, using relatively large 
qmintities, may be mentioned the toy man, with his world in miniature. 
In this work, lightness and ease of shaping, coupled to as much tough- 
ness as possible, determine the preference for the lighter hard woods 
and i)articularly basswood and poplar, but spruce also and pine are 
extensively employed. Occasionally, however, the severe wear of the 
toys forbids the use of any but the toughest woods, and then hickory, 
oak, and asli are used, and in general in this line, as in the manufac- 
ture of implements, the woods are chosen to meet the expected 
meciianical stresses, only that toys should be as light as possible and 
are more easily pardoned for breaking. 

MACHINE BUILDING, 

Though wood has bt^en almost entirely displaced in large machin- 
ery and the ancient trade of millwright has become a mere tradition, 
yet largo quantities of wood still enter here and there in factory equip- 
ments, and it is noteworthy Unit wood is returning in many places 
whei-e its disxdacemeut seemed a settled matter. Thus, wooden cogs 
for heavy gearing and wooden belt pulleys, besides other parts, are 
fast gaining favor. Where wood is used in framing, funnels, chutes, 
carriers, elevators, etc., the general principles laid down for kindred 
structures hold; where the frame is large and stationary hard and 
soft j)ine or other conifers serve well; if small, and e8X)ecially if sub- 
ject to much motion, shaking, etc., hard woods— oak, ash, and elm — are 
preferable. Panels and surfaces generally are made of conifers, if 
fixed ; of hard woods, if there is much danger of shattering by rapid or 
violent uiovoim^ntH. 

WOOD PUIJ* AND PRODUCTS OF DISTILLATION, 

In the arts where the woo<l is not used as a solid, but its structure 
is destroyed, three jirocesses may be distinguished: 

1. The manufacture of jiulp, by grinding the wood into small frag- 
ments, to be pressed together into sheets and used in the manufacture 
of paper, etc. It is desirable for this purpose tliat the wood have a 
light color to avoid exti'a cost in bleaiihing, and a long fiber to facili- 
tate the felting and to give greater strength to the jiroduct. Sjiruce 
and poplar (several species) have generally been jireferred, though 
I)ine, tamarack, tir, bucko^ o, and maple have also been used. In this 
process the chemical substances of the wood are not changed; its 
Iihysical structure alone is altered. 

2. In the manufacture of “clieinical” pulp, wdiere the wood is 
macerated by the use of acids or alkalies, its structure is not only 
destroyed, but also its chemical composition, a })art of the substance 
being dissolved out and tlnis lost. The range of choiee of material 
for this process is very much greater than in the preceding, there 
being no wwd from which cellulose may uot be obtained, though 
in practice woods containing much dark coloring matter or large 
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quantities of resin have so far been generally excluded. In addition 
to the woods mentioned for ground pulp, basswood, gum, cypress, and 
hemlock have been tried. 

3. An entire chemical change is brought al)out in the ‘ ‘ destructive ” 
or ‘‘dry distillation of wood. Here the wood is heated and made 
to undergo various combinations. More than half its substance is 
changed into a gaseous form, largo parts of which are condensed into 
wood vinegar, wood alcohol, tar, etc., by cooling, while only about 
ono-fourth is left behind as charcoal, retaining the structural form 
without its inecJianical qualities, and radicallj’* changed in its chem- 
ical composition. For this i)urposo any and all woods can be used, and 
since the size of the wood atfects nothing but the size and shape of the 
charcoal, small pieces (rofu8(s sawdust* etc.) arc just as applicable as 
the best of log-sizo material. The products of this industry arc such 
that enormous quantities can be used and llieir consumption can 
readily be stimulated by increased j^roduelion. 

PECrLTAKITIES OF OUIl 0('1> MAKKET. 

From the foregoing statements it. may secern as if nearly all our uses 
of wood were satisfied hy about a dozen kinds; that some of them, like 
oak, are “ used foi* evcrjdhing,'^ and that the matter of selection isquito 
simple, the properties of these few kinds having been well known for 
mdeiinit(^ time. This, however, is not the ease, for it is our ignoranco 
as to the relative merits, in strength and behavior, (»f the half dozen 
cedars, twenty or more pines, and equally numerotis oaks growing in 
this country Avhieh causes their being hero !umx)ed together, compels 
the manufacturer and dealer in lumber to wrestle with the imejudices 
of his customers, and obliges these, in turn, to experiment and try 
each kind and c:iso. It is this ignoranco wliich, esi>ocially in the 
past, lias been such a great obstacle t<o the introduction into the mar- 
ket of any new species or the more extended use of the well-known 
kinds, and has led to the exclusion of wood from many iiaiis of its 
logitiiuato domain. 

The market jirico of any kind of lumber deiiends at present only to 
a small extent on the excellence of the wood in the qualities inherent 
in it; it is governed chiefly by its range of applicability and other 
external circumstances. Among the latter are especially prominent 
the extent and character of the trade calling for the particular kind 
of wood, and the regularity and extent of the supply. Thus, white 
pine is used in such vast quantities, csxiccially by carpenters, that wo 
have in this country the reverse of the Old World conditions, and see 
the choicest hard woods go begging. In addition to this use in large 
quantities, white pine can be employed for so many special purposes 
that thousands of costly machines are constructed for its preparation, 
thus naturally augmenting its use. 
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The absence of sufi&cient wood industries near the woods and the 
consequent long haul to markets cause some very strange price lists. 
The following is an example, as taken from a journal: 

Prices at Chicago^ ISDfJ. 


V'ariety. 

! Priced ix^r 3,()!X) feet, B M. 

Firsts 

[ Seconds. 

Clie*i> wooda : 

SncTHi* infl-plo - * - 

Dollars 

17 

Dolian,. 

St>Ft iziaple - 

1(1 

TV 

Baaswood 

18 

1« 

13 

Bock elm 

li> 

Soft elm 

18 

IG 

Syc«imor& 

15 

U 

Black ash 

1*!) 

18 

i 

24 

21 

21 

V’aliiablo woods ; 

VVhito ash 

Gum (sweet or rod crum) 

2(1 

25 

Birch - - - 

Poplar (yellow) 

27 

25 

Chestnut and Luttoniut - 

28 

25 

Bed oak. 

27 

25 

White oak - 

liti 

2.5 

Hickory ' 

28 

25 

(’5 

CostW woods : 

(Hiorry ! 

70 

70 

Walnut 1 

White Dine 1 

(m 

48 


We have here the inferior eliostnut ranking with and above Avliite 
oak, red oak equal and superior it> white oak, and such an excellent 
inaierial as rock elm at the very ]>ottom of all. 

In general, it ap]>ears that tlie prices of hiird woods are fairly inde- 
pendent of those of conifers, and that jtmong (lie heavier hard woods 
oak determines the rating, 

UTILIZING THV. TIMBKK. 

Wlial. should bo done with a large lra<*l of marketable timber de- 
pends so largely on eirciuuslances, such as the nature of the wood, 
facilities for logging, distance to and character of market, that it is 
impossible to give any directions of ge^ieral applicability. The impor- 
tance of reducing ev erything to the smallest possible weight, to save 
handling and freight, and «also to increase the value of the product 
by careful selection and the greatest admissible degree of linisli,is 
generally recognized, and the shingle and lath mill, as well as the 
planer and molding machine, have followed the sawmill to the woods, 

Wliilo it is thus quite difficult to advise, a few suggestions as to the 
possibilities of timber exploitation may prove acceptable to owners 
of small tracts of timber land, and the following is intended ehiotly 
to apply to small bodies of mixed hard woods, such as are abundant 
in the eastern jiart of the country. 

Usually it is desirable to have some definito idea as to the quantity 
of timber standing on the particular tract of land. In most eases, 
especially if the timber is of large size, it is l>est to make a complete 
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inventory, excluding, of course, all young and useless trees. For this 
purpose the trees are counted, the different kinds of oak, ash, etc., 
being kept separate, and for each tree the following dimensions noted: 

Diameter (inches) breast high, measured. 

Diameter at top of saw-size timber, estimated. 

Total height of tree (in feet), estimated. 

Length of saw timber, estimated. 

From the figui'es thus ascertained, the volume of the saw timber is 
obtained by taking one-half the sum of the upper and lower diameters, 
squaring, multiplying by the length of the timber (Uiken in feet), and 
dividing by 16,^ the result being the amount of lumber wo))d in board 
feet. Of this about one-half must be deducted in ordinary hard woods 
for bark, slab, saw Avaste, crooks, and other defects. 

The approximate total volume of each tree may be estimated by 
multiplying the area of the cross section (breast high, taken in inches), 
with half the total height of the tree taken in feet, and dividing by 
144, the result being in cubic feet. ^ 

Converted into cord wood, it requires 75 to 1(X) cubic foot of this 
solid measure to make a cord, or (ni])ic feet in the pile. In 
thickets of pole wood the amount of cord Avood is often best estiinatcHl 
by counting the trees on a given area ami noting how many 4-foot 
pieces an average tree Avill make, keeping in mind that it takes about 
175 large-sized pieces, 200 medium or mixed, or else HlK)ut 225 to 250 
smaller pieces to make a cord. 

Where considerable tie timber stands, the trees are best kept sepa- 
rate, noting for each how many lies it Avill furnish, (buicraliy, trees 
under 12 inches in diameter are best left standing, nnh'ss they have 
special value for wagon or turner’s stock, or else may bo used for 
pulp. Sxjocial sizes or special kinds, such as walnut, cheny, yellow 
poplar, may often be sold in the log either to special mannfactairers or 
else for export. Generally, this is not profitable. Tlie bulky logs cost 
much to handle, and the buyer will deduct all Avastage to the disad- 
vantage of the timber owner. 

In nearly all cases a saAvmill of some kind is indispensable. This 
need not always be large; sometimes a portable mill worth $1,500 to 
$2,000 answers very Avell; and in some cases an ar**‘»ngemeiit may be 
made with a conveniently located neighborhood mill, although this 
commonly diAddes the interests to a troublesome degree. 

The logging is usually best done in late fall and Avinter; labor is 
then more abundant, transportation locally facilitated by snow, and 

^More correctly, take half the mm of \ipper ari lower crosn sections, multi])! y 
by length, and divide by 12. This calculation caa be much simplified by the use 
of tables of circles, and still more by the use of such books as Scribner’s Log Book. 

* The process need not be repeated for eiwih tree. Thus, if 30 trees have alKDUt the 
same general height, the sum of tliolr cross sections is used to multiply into the 
length, etc«, and the work can easily be much shortened. 
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tlUfatoiiger from fungi^ causing discoloration and decay, as well as 
ffSift boring insects, is at a minimum. Where this is not practic^able, 
where the bark is to be utilized, as in oak, all timber (cut in spring 
and summer) should be worked up as fast as cut, and any logs not at 
once sawed or split should be peeled, raised off the ground, and their 
ends painted. The particular product to be sawed depends on many 
circumstances. Along railway's oak timbers are usually salable as 
sawed bridge and switch timber, car sills, etc., and timl)er of this kind 
deserves special attention, since it involves less labor in conversion 
and leaves little waste. All larger timber, espetdaily of beech, birch, 
mdple, chestnut, etc., may be cut into lumber, care being had to saw 
according to the (quality of the log, for it is wasteful to saw a good log 
in a can^less manner. Where sawed axles, bolsters, tongues, and 
other wagon stock arc in gomi <lemand, these may be made, and rarely, 
ill gO(Kl timber, does careful (piartersawing fail to pay for the extra 
lalmr iiividved. Whether the lumla^r is to be 1-iuch or 2-iii<‘h stuff 
depends on th(», nature of tlie market and tlu' wood, and a careful 
inquiry into what the dealer or consumer wants is in all cases of the 
utmost importance. The butt <‘uts of hickory, ash, elm, oak, and 
locust usually bring special pri<H*s as wagon and carriage wood, and 
therefore should Ix' worked up into spokes and f(dlies, and otherwise 
shapedtosuit th(». j)arlicular <*ase. Where the market warrants, white 
tiak may lx? sjilit into cooperage st(x*k, hickory into chair rounds and 
handles, birch sawed for sjxx)l w(K)d, maple for all kinds of turner’s 
materials, walnut for gunmakers, and much light w(X)d is i)rotitably 
converted into ‘'sh(X)ks” or small boards, usually cut five-eighths of 
an inch thick, for barnds and lx)xes. 

Many of the smaller w<xxls, such as dogwood, haw thorn, and others, 
may be sohl to the turner and cabinetmaker, and at all times burls, 
curly, birds-eye, and other spe<*ially valuable forms should receive 
attention. Smaller timber is preferably worked up into railway ties, 
for which only the more durable oak, chestnut, and locust are suiteci. 
liong, straight trees, espeeiallyof chestnut, are always in demand for 
telegraph and bdephone jxilos, which, however, cause considerable 
trouble hi handling and transportation. Tops and other refuse should 
be cut into cord w’lxxl, even if little more than expense is safely cov- 
ered, for even in this case it furnishes employment and removes rub- 
bish, which is always a uiiisaiico and freciuently a danger to the young 
growth, wj^ich should be left standing. Effort should be made to ut ilize 
all kinds of trees and all parts of every tree. (Tenerally, it is easier 
and safer to convert trees into lumber only, since tliis is always sfila- 
ble, the largest t rades all using wood in this form, but it is often more 
profitable to attend to the wanta of other consumei‘S and prepare 
wood for special uses, and oven where this is not the case it may pro- 
mote a more perfect utilization of all the material. In this connection 
12 a06 27 
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attention may be called to one of the common mistakes made by 8it|p^l 
concerns. It consists in neglecting both proper selection and oa^. 
The good should always be kept with the good, for it does not pay to 
sell the good witli the bad, and in no case is it profitable or even 
excusable to spoil good lumber by bad i)iling, as is often done on 
unsuitable, damp ground, with no care as to ventilation or cover. 
A fair profit may easily Ihh converted into a serious loss by neglecting 
to care for the ])oard aftei* it is made. 

In oak timber tin* bark will usually prove a valuable source of 
revenue as tan bark. It should bo peeled oft in the spring and care- 
fully dried, i)referably uinhu- cover, since it molds if damp and is ateo 
injured by rain. 

An illustratioii of what may Iw* done by careful, systematic man- 
agement is sliown in the following j>articularly int(*r(‘sting case of 
tiinlK^r exploitation, in no feature imaginary or theoretical, but actu- 
ally carrie<l out a f(*w years ag<): 

Forty-thr(‘e a(n-es of welbs1oek<Hl, rough timber land in eastern 
Pennsylvania wen^ bouglit for together with 4S acres of 

improved farm land, for which ad<lilional was paid. A porta- 
ble second-hand mill was pin*<*hased for mill shed and shanties 

were erected, and this outlay, togetlier with, all tin* wages (nearly 
%4,000) and (*ost of hauling, railway and eanal freights (little 
over ijptjOOO), brought np the total outlay, land ineluded, to $18,881). 
As the mill was at on(*e s<*t in (^x^ratlon, some ineonu* was derived 
from th(i first, thus obviating tin* necessity of considering the interest 
on the several expense ac<*ounls. 

The following i(ipresents tin* eut from those 4*1 acres made in just 
two years, with only the partial personal attention of tin*! owner and 
without the employment of a special suporiiitcndcnt : 


Atdoioif and ralnr of articles and tntnbcr sold. 


Miscellaneous: gold for. 

1 1 1 tons of oak bark $1, 

801 cords of fircwvood ... .... 2, 840 

190 telogra])li jxdes . . . #00 

16,800 hickory spokes . .... 

66.000 fcc»t slabs (running measure), used iargedy in mines B3# 

For custom sawing ... 130 

Sawdust .. .7 

Total . , 5,929 

Lumber (board measure): 

Hickory butts (bought by paper mill for cogs) feet.. 9,680 

Birch, sycamore, and sec‘oiid-cnt hickory (sold to toy con- 
cern) feet - 11,822 

Ash do. . 957 

Walnut do... 3,414 

Yellow poplar - do. . . 12, 941 

Gum do... 1,386 
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Amowit and value of articles and lumlter ‘on tinned. 

I^iutiber , ( board measure ) —Continued. Hold for. 

Maple - . . feet 1 , 042 

Chestnut do H4,719 

Oak , do 102,552 


2;W, 518 $6,522 
number 9, 845 5, 282 

linear measure.. 6,217 821 

654 


Total... . ... 18,501 

Place and mill were then sold, the former at $1,028, the latter at $1,000, 
making a total of 24. 134 

Against an expense of . . 18,855 

Leaving a profit of . ... 5,209 


Here was a tra<*l <»!’ 48 a<‘n‘s of timber with a yield of less than 
l(5,tH)b feel, I>. M.,p(‘r a(*rc as ordinarily estimated; a stnmpage of 
alKMit per l.OOn f<M‘l,aml a prolit, of o\<m-$10() p(‘raere. Wliile it is 
not possible to r<‘p(‘at this (*\ (‘rywh(*n‘, it px^sfar to explain why good 
hard woo<I timb(‘r in eastern Pennsylvania and New Jersey sells at 
IL(M) to $l5ti j)er aer(‘ when farm land does not bring onedialf as nnndi, 
while only 8t) yf^ars ago the ease was evaelly tlie r(‘Vin*s«‘ and tlu‘ farms 
w^ere rated by tin* amount <d ‘‘eleanxl" land. It also shows how% at 
least in a la]*g(' i)a rt of tin* eastern Tnited Stales, woods may bo 
exploited in a eareful instead of a wasteful manniu*, and bow’ many a 
small hohhu’, who <*an give the matter his personal attention and do 
much of the Avork at od<l times, may make his wood lot a source of 
revenue. 

In this case th(‘ object of the pur<*has('rs was simply to take from 
the ground and juit int<» their ])ockets the mon(\\ value wdiicdi had 
Im^ou accumulating in tlu‘ w’ocmI for e<‘nturies; ami this they did with- 
out regard to w hat be(*ame of tlie ground after the <‘rop was harvested. 
It w^as a sp(*(*ulation. 

The farmer w ho ow ns his j)roj>erty not as a speculation but as an 
investment should go to work very ditTercntly in exploiting his wood 
lot. He should first didermim^ whether his wood lot stands, as it. 
should, on the pooi<M* jiortion of the farm — the portion least fitted for 
agricultural ])urpos(ss by reason of its rocky comlition, its i)oor or thin 
soil, the steepm‘ss of its slopes or its Uxadion on a slope or hilltop 
where it helps to regulate the waterfiow' ami prevent th<^ wasliingof 
soil, etc. If it is so situated, and if thendore it is proper policy to 
keep the ground for forest cro])s — the only (*rops w hicli cati be profit- 
able in such situation — then the entting of the mature virgin timber 
should j)roeeed in such a manner as to seimre a desirable reproduc- 
tion of the same, so that when the old crop is harvested a young crop 
is taking its place. 


Total. 
Railroad ties 
Switch timl)er 
Other materials 
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How this may be done merely by the judicious use of the ax in 
harvesting the old crop may bo learned from the Department Y«ai> 
book for 1 894, in the aHicle on “ Forestry for farmers,” where the gen- 
eral principles are described, by the application of which such natural 
reproduction of the virgin growth may be secured. This would 
require a more gradual removal of the old crop, and all the cutting 
would have to be done with special regard to the needs of the young 
crop; in consequence the entire manipulation of the harvest, the 
disposal of material, and the financial arrang(‘ments would have to be 
modified, but the result can undoubtedly be made as sal isfactory from 
a money x)oint of view. 

When the wood lot occupies desirable agricultural soils, the pr<^r 
policy is to I'emove it, turn it into cash, and devote at least a portion 
of the proceeds to reforesting such waste jiortions of the farm as may 
be found on it, applying tlie principh^s outlined in th<^ preceding 
article, “Tree planting in waste ])laces on the farm.” 

It may be added that the study of how to use to best advantage 
all the material whi(*h grows in the forest, iinduding the inferior kinds 
and inferior sizes down to tlie very brush, is as ne(*essary to a profit- 
able management of the wood lot. and to forestry in g<uu‘ral as the 
study of the <*.onditions and meth<Kls by which tlie best development 
of the crop may be secured. To many it- may appe^ar that the time 
for such careful use of wood has not yet arrived; m^verlhelcss, as in 
other agricultural pursuits, he who knows how to turn to account the 
small things is even now the most successful manager. 



AMBROSIA BEETLES. 

By Henky ( i . Hubbard. 

(JENEKAL REMARKS. 

Amonj^ the defects caused ])y insects in timber, known to lumber- 
men as wormholes, or [)in holes, there are certain borin^j:s of small 
diameter, but fr(*quently of peat uxtenl, whi(di are distinguished by 
the stains wliich they leave in the surrounding wood and by the 
bhu^kened lining of the burrows, whitdi gives to them the appearance 
of having been bor<‘d with a red-hot wire. These black holes are 
characteristic indications of the depredations of a group of small elon- 
gate beetles, with compa(*t cylindrical bodices, short legs, and dull 
brown or black eoloration. The forms of t wo species are shown in figs. 
103 and 104. In (‘xt(M*naI appearance there is little to distinguish 
these b(‘<‘t les from their near relatives, the bark borers (Scolytidie), but 
in habits and imxh^ of life tln^ two groups have little in common. The 
entrances to their galleries in the bark of treixs ar(‘ precisely similar, 
and the designation “shot holes’’ would be equally descriptive of 
either groiq). The variations in diaiinder are very well (*overed by 
the diffennit sizes of smaller shot. The bark borers feed upon the 
wood which tln‘y <‘X(*a\atc. Their galleries are superlicial, lying 
within or just undor the bark, and are paekcxl with the wood dust 
which has ])assed through the bodies of the insects. The galleries of 
the ambrosia beetles, on the other hand, lie wholly within the wood, 
and in all tlieir ramitications are of uniform size and free from wood 
dust or other j*(*fiis«‘. Tlndr food consists not of wood, but of a sub- 
stance to whitdi the name ambrosia has been given, and which is a 
coating formed by <*crtniii minute fungi and i)ropagatcd on th(‘ walls 
of their galleries by the bt^etlcs. The action of the fungus produces 
the characteristic stain in the wood whi<*h serves to distinguish the 
galleries from those of all other deep-boring timber beetles. 

About thirty sp(*ci(\s of ambrosia l>eetles, distributed in si.x genera, 
are now known to occur in the Ignited States. Nearly all spe(M(^3 and 
varieties of foi’(*st< and fruit trees, together with many slirubs, are 
liable to their attacks, which fortunately seldom occur in vigorous 
plants, but are in the greati majority of cases confined to those already 
dying of disease or which have suffered severe injuries. NeveiUie- 
less, there are among the number some which enter sound and healthy 
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wood. To very young trees and to small twigs and branches tiiese 
may prove fatal by cutting off the flow of sap with an encircling gal- 
lery. Ill large tree trunks tlndr aita<‘ks are seldom sufficiently long 
contiiuKKl or extensive enough to endanger the health of the tree. 
Most of the species (»onfine themselves in their borings to the sap- 
wood; others, on tlu^ <*ontrary, penetrate deeply into the heartwood 
and spoil tlH>i timber for any useful purpose by filling it with defects 
and promoting its decay. 

THE FOOD FUN(;US. 


The term “ambrosia,” a])plied to the fo<Kl matiunal of these lieetles, 
originated with Schmidberger in is;k). 11ns writer, tnmting of a 
common Euro[)ean species injurious to fruit trees, declared tliat the 



I'ocxl <*onsists of a sub- 
stamx^ coming from the 
wood ami elaborated by 
tile mo1ln»r beetle to form 
“a kind of ambrosia.” 
Many writers have since 
indnlge<l in sp(‘<*ulaf ions 
concerning the nature of 
this substam*e, but few 
of tiudr number ap]>ear to 
hav<‘ taken the trouble 
to (‘xamim^ it under the 
mierosco|M‘. 11ieo. llartig, 
in 1S44, r<‘cogniz(*d and 
gav(» a name to I In* fungus. 
11ie saim" author in later 
wi'itings point<Ml out that 
s(‘\(*ral dislimd kinds of 
f hes<^ fungi existed, and he 


Pu. loi. Ami-n-smot xuM.orw.uh,.>. iifcd tliat. they wew 

connect (xi with the differ- 


ent sorts of timlxu* in which h(» found them. In this, however, llartig 
was in error. Tin? ditfei*ent species of ambrosia Ixadles have each a 
particular speci<\s of fungus upon whi<*h they fecxl and which they are 
able to propagate* in any kind of timb(*r in which they may make 
their galleries. The food fungi of dilferent ambrosia bcidles do not 
mingle even when their galleries are in close firoximity in the same 
tree trunk. 

Mxich yet remains to l>e discovered concerning th<‘ nature and the 
propagation of these interesting fungi. Only a few of the many 
forms which probably <^xist have been investigated. Those which 
have* iKxm observed ajipc^ar to fall into two categories: (I) Those 
wliieh grow with uprights stems, like mosses or coral ines, and have at 
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teTOiinations of the HiomH and branclien Hwollen cell8, which pro- 
duce sporee, a repi'esetiialivo of this class being ambrosia of Xylehorus 
edem (fig. 101); (2) those which form chains of si)or<‘-bcaring cells 
that break apart and accninulate in bead-like masses, a form of this 
class l)eing ambrosia of (^orllttjhfs jnnirMissinnis (fig. 102). 

All the growing parts of the fungus are exiremely siKHMihuit and 
tender. Tlu'* spore-boaring <*.ells especially an* p(*llucid and glisten 
like dewdroj)s. Wlnui tlie plant is in a(*tive growl li, lliese repnxluc- 
tive cells are prodin^ed in the greatest alnindamv and appc^ar upon 
the walls r)f tlie galleries like <»oatings of hoarfrost. They are, how- 
ever, exeeedi ugly minute, and the details <»f their structure can be 
disceriKMl only !)y the aid of a powerful mi(*rosco])e. 

It is ])robable that these* pe<*nliar fungi have for ages been jiropa- 
gated by tin* ambrosia bec'tles, and through long ass(K*iatiou tlie plant 
and the animal have* lH*(*onie (*ompietoly de]M‘nd(‘nt the* one* upon tlie 
other. C^ulain it is that tlie* two classe‘s of the* fungi whiedi have just 
Ijeen mentioneel liave very elitlerent liabits of growth ami <»f l)e*havie)r 
unebu'ihe* e*ul1ivation given th<*!n 
by the* l)e‘e*th*s, and that the»se 
dilTer(*nce‘S are* <*l<ise*ly <‘oii ne*(*te*d 
with twodistinct sys(e*ms of re‘ar- 
ing the yeiungto be founel among 
the fungus e*ale*rs. 

The spore-bearing (*<*lls of the* 
me)8S-like* feirms, those growing 
upon upright ste‘ins, are* epiie-k to 
ripen anel dise*harge* tlie*ir m \ riael 
spores, if negl(*<*te*d or broke*n 
down, the fungus be*els <iui(*kly 
deteriorate* and the* ])lniit elisap- 
l>ear8 ns if ove‘rwhe*lin('d by a 
ferment. Like* a be»<l of aspara- 
gus, it remains su(*<*ule*nl anel <*dibh* euil\ wh<*n <*e)nl iniially (‘rojiped, 
but if alle)W*e*<l to go to se‘e»d is no longe*r iise*fiil as fe>od. The aiulirosia 
beetles, wiue*h po8se*ss a fungus of tliis sort, tee‘d U])ou it as it grows 
in the beds. iii<* young larva* iiip otT the te*u<U*r tiiis as calv(*s crop 
the heads eif cle)ve*r, but the* ohler larva* and the* adult b(*e(h*s e*at the 
whole structure elown to the base, fremi which it soon springs up 
afresh, upiHMiring in little* white tessellations iijnm 1]ie> walls. 

The young eif the be*etle*s in this e*ase feeMl thenise*lve*s, and e*onse- 
quentl}" wanele*r fre*edy about the galleries in e*ompany w itli the adults. 

The seenmei elass eif ambrosia fungi, growing e*]iains eif e e^lls wliich 
can be readily bi*oken apart and traiisferreMl from plae*e* to place, is 
fed to the young by the parent beetles. The s])e*cie>s wliie*h lia ve* ambro- 
aiaof this class raise their yeiungin separate ])its, and the* ineuith of 
each pit is kept closed by a plug of material from the fungus bed. As 
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fast as they are consumed, the plugs of food are reneM'^ed by the motlMar 
beetle. 

Various disturbances of the conditions necessary to its growth are 
apt to promote the ripening of the fungus, and tliis is a danger to 
which every colony of ambrosia beetles is exposed. If through any 
casualty the natural increase of a populous colony is checked, there 
results at once an overproduction of the ambrosia. It accumulates, 
ripens, and discharges its spores, choking the galleries and often suf- 
focating the remaining inhabitants in their own food material. The 
same result may sometimes be brought, about by closing the outlets of 
the galleries through the bark, or by spraying into them kerosene or 
some other noxious liquid. The inmates of the colony are thereby 
thrown into a panic, the beetles rush hither and thither through the 
galleries, tramjding upon and crushing young larvje ami eggs, break- 
ing down the delicate lining of ambrosia on the walls of the brood 
chambers and puddling it into a kind of slush, which is pushed along 
and accumulated in the passageways, completely stopping them in 
places. The breaking down of the food fungus follows, and in a few 
days the galhuies are tilh'd with a paste-like mass of granules, or sjjores, 
or with threads of mycelium, in which the living insects are suffocated 
and dest.roy(‘d. 

The ambrosia does not make its appearance by a(*cid(*nt or at ran- 
dom in the galleries of the beetles. Its origin is entirely under the 
control of the insect. It is started by tln^ mother beeth^ upon a caie- 
fully packed bed or layerof <*hips, s(unetimes in the bark, but generally 
at the end of a branch gallery in the wood. In some species the am- 
brosia is grown only in certain brood chambers of peculiar construc- 
tion. In others it is propagated in beds near the cradles of the larvae 
The excrement of the larvje is use<l in some, and probably in all, of the 
species to form new beds or layers for the propagation of Ihe fungus. 

It is not alone, however, the excreta of tin' living beeth's or their 
young that is required for tln^ ilevelopment of ambrosia; there must 
be pjesent a certain amount, of moisture or sap, and tin' sap in most 
species must be in a condition of ferinenlatioii. Certain ambmsia 
beetles seem not to need fermentation in the proj)agation of tlieir fun- 
gus; their galleries arc constructed in the sapwood of vigorous plants. 
The great nnijority of tlie species, however, attack the wo<Ki of such 
treesonlyasare moribund — trees in which tln^ natural circulation of the 
sap has ceased and fermentation has begun. Some of the number 
are also able to produ(*e their food fungus in w^oo<l whicli is saturate<i 
with a vinous or alcoholic ferment, and they attack wine and ale 
casks, perforating the staves with their galleries and causing serious 
loss by leakage. 

The precarious conditions under which their food is produced 
limits the life of a colony of ambrosia eaters in most cases to a single 
generation. 
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favorable conditions and in large tree trunks, colonies may 
ee^ttnue their excavations through two or three generations Ixjfore 
tl3^ failure of the sap or clianges of its condition ])n1 an <md to liioir 
existence and force the adult l>eetleH to seek new (niarfers 

When their galleries are disturlied and op<oied to dayliglit, the 
adult beetles generally fall to eating tln^ir ambrosia as rapidly as 
possible. Like other so(*ial insects, they show tlndr (*oTHt<*rn at ih(*i 
threatencfl loss of their m<)st ])recious possession and try to save it, 
just as bees, wh(m alanned, till themselves with hoin^y. 

As its honey is to the bee, so t,o the ambrosia-feeding b<‘(‘llo its food 
fungus is the material, the propagation and i)r(\s(U'vation of which is 
the chief concern of its life*. Its solicitude (*onc(»rning it is not sur- 
prising when oiu^ (*onsiders the h(‘reulean labors wbi<*h it undergoes 
in the effort to prodin*e it, tln^ frequent failures, and the difficulties 
and uncertainties that at all t lines attend its pres<*r\ ation in the 
vegetiitive form, in which alone it can serve the inse(‘t as food. 

THK LIFE IIISTOKV OF AMBROSIA BEETLES. 

In the care whi(di they giv<‘ tlieir young and in tlie metlnxlical and 
complex provisions whicli iln‘y make for the widfare of thc^ colony, 
those beetles display the characteristic's of true social insects, sucdi as 
are known among bees, wasps, ants, and tlu* termites, ]>u1 whi(*h have 
nut hitherto ])een found to c*xist among any ot Inn* rcqm'scmtatives of 
the order Coleoptcu a. 

These socmhI instiiuds rc'ach their higln'st <l(*vel(jpmcut, apparcntlj^ 
in the genus Platypus, The species of lliis genus arc rc'adily known 
by their very long cylindri<*al bodices, their ])romin('nt heads, tlattiumd 
in front, the flattened and spiir-ti[>p<Hl joint of lln^ front legs, ^iiid in 
the males the spine-like projections of the wing eases behind. They 
are powerful excavators, generally seh^eting llu' trunks of large trees 
and driving their galh'ries decq) into the hearlwood. 

The female is fre<iucntly accompanied bys<‘\ eral males, and as they 
are savage lightcirs lieree sexual contests take' ])laee, .‘us a r(*sult of 
which the galleries are often stn'wu with thc^ fragimuits of van- 
quished. I'he lu’ojeeting spines at tlu» end of the wing eases an* very 
effective weapons in these lights. Witli their aid a bc*e1le attaeked in 
the rear ean make a good defense and frecpumtly by a lucky stroke 
is able to dislocate the outstretched neck of his enemy. 

The females prodinn^ from one hundred to two hundred cdongate- 
oval pearly white eggs, whieh they deposit, in cdusters of ten or twelve, 
loosely in the galleries. 

The young require five or six weeks for their dc^velopment. They 
wander freely about in the passages and feed in (‘ompariy upon the 
ambrosia which grows here and there ujxm the walls. The ehit inous 
ridges u|>on the thoracic segment, togethe?- with the row of tubercles 
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upon the other segment, enable the larva to move as rapidly tht^ugh 
the galleries as if it were X) 08 ses 8 ed of well-formed legs. The mwtb 
parts of the larva are also provided witii strong cutting mandilteei^ 
but the inner jaws are not adapted to masticating hard food, such as 
particles of wood. 

The older larvfc assist in excavating the galleiios, but they do not 
eat or swallow the wood. The larvm of all ages are snr])risingly alert, 
active, and intelligent. They exhibit curiosity equally with the adults, 
and sliow evident regard for th<‘ eggs and very tender young, which are 
scattered at random tliroiigh tlie passages, and might easily be 
destroyed ]>y them in their movennents. If thrown into a x>anic, the 

young larvfe scurry 
away witli an iindii- 
laliiig movement of 
their bodies, but the 
older larva* will fre- 
qin*ntly stiq) at the 
n(‘a rest intijrsecting 
j)assageway to Jet the 
small fry ]»hss, and 
1 show tiglit, to cover 
t h(‘ii‘ r(*t r(*at. 

Wh(‘!i full grown 
t he larva (*\(*avHtes a 
e<*ll, or ehamlKU*, into 
wliieh if retires to 
undergo its transfor- 
mations. The pupa 
(M*lls are eiit parallel 
w ith tin* grain of the 

Fm; im. r*7.s»/s% jiihI nmlt' 

wood and generally 

occur in groU[»s of <*ighf. to twelva* along scum* of tin* de(*per ))assages. 
Tile older portions of Die galleries are Idaekmied by tin* long-con- 
tinued formal ion of the food fungus. 

In the ambrosia of /Vn//y/n/.s* < omy>o.sv/a.s the terminal <*<‘lls are hemi- 
sjiherical, and arc.* horin* in elust<*rs upon braneliing st(*ms. 

The speides of Platypus do not a1ta<*k 1r<*es in Inmlth. They are 
attracted only by tin* f(*rnn*nting sap of dying or v<*ry badly injuriHl 
trees. The d(*aDi rattle is not more ominous of dissolution in ani- 
mals than the pres(*jn*e of these beetles in standing limber. If the 
timber attacked by them is to be savi*d even for lirewood,the smmer 
it is cut dow n and seasoin*(l the lict.ter. 

Another group of ambrosia ))<*etl(s the specie's of th(^ genus Xylelx)- 
rus, like I*latypns, raise their young free in Dn^ gnlleri(*s. Xylehorm 
cetei/.s.(fig. 103) and X xyhHjraphuH (fig. 104) illustrate in lK>th sexes 
two of Die more important members of this group, of wliiidi there are 
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BtHfififcerotis species in the United States. It will be noticed on refer- 
ence to these djyures that the males and females of each si)ecies are 
quite dissimilar. The males are smaller than the females; they are, 
moreover, without under wings, and 
the wing covers are solidly unitcMl so 
liliat they have not tlu^ i)ower of flight 
and can not. accompany the females 
when they go forth to found m‘-w (colo- 
nies. Only on<M)r two mah‘sar(‘ found 
in each colony. 

The mal(*s f<u*tili/.e their brood sis- 
t/Crs witliin tin* galleri(\s, and by them 
a second g(m<u*ation may b(‘ starbnl in 
the same tr(M\ lint usually th(‘ s(‘a- 
soningof t he woo<l and t In* thr<*a1 ening 
failure of tin' food fungus warn tin* young f<*males to (h*part, and seek 
fresher tre(' trunks in whi<*h to found new eolonh^s. 

The swarming of the femah*s hnives tin* abandoned males in sad 
plight. Sin(*e 11n*y are unabh* to <*onsume tin* rapidly rip(*ning 
ambrosia, (ln*y must also v\an(h*r forth, altlnuigh wingh*ss and w(^ak 
in organ i/.at ion, or ]K‘rish by sufro(*ation. They tln‘refon* fre(|uentl 3 ' 
assembh* in <*<*? tain gall(*ri<*s to form baeln»lor <*olo?d<*s, wlien* by their 
(*.ombined numbers they an* abi(* for a tinn* to])rolong their existence. 

They arc* found 
sometim<*s to the 
numb(*r of fifty (u* 
sixty, pac'ked one 
b('hind the other 
in a singh* gallery. 

'FIk* f(*males 
aloin* (*X(cavate the 
domicil(*s, wlii(*h 
(‘onsist (*ither of 
branching galler- 
i(*s, as in the gal- 
h*ry of Xf/li horns 
jnihrscetis{ fig. 105), 
or of a broad but 
thin and h‘af- 
shaped chain b<*r at 

Fi(j. KJT) - Oallcry of ill <>raujLf«’ . , 

tin* end of one of 

Beveral entrance ways, as shown by the gallery of A", xnlotjrdphus 
{fig, lOtJ). In the former the motlnu* beeth' constructs several 
branches leading off from the main gallery, and in <'ach of thes(* she 
Btorts a fungus bed and deposits a cluster of five or six eggs. The 
•of these little broods, hatching at. about the same time, keep 
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together during their growth, and at maturity undergo their tmu^i^oiv 
mations to i)iipa and to the perfect beetle without constructing auJ 
cell or protective (hovering, simidy extending themselves in single file 
along the gallery in which they found tliomselves at birth. 

The species whi(*h construct a communal brood (chamber like that 
shown in fig. lOO (gallery of A", xtjkxjrapliu^s) likewise form no sepa- 
rate cells or coverings in transforming to j)iipa, but as iji the nests of 
ants, the eggs, larvas and adults, numbering sometim<\s several hun- 
dreds of individuals, occuipy indis(*riminately and without interfer- 
ence with each other the geiuMul apartment, uj)on t h(‘ walls of which 
fresh crox)s of the food fungus ar<‘ constantly pi'opagatcd for the nour- 
ishment in common of young and old. 

The ambrosia fungi propagated by the various species of Xyleborus 
are always of the stalked forms, bcmririg single s[)or(* cells. A few of 
these fungi have been examined and one of them is illustrato^l b^'^the 
ambrosia of A*". ccAsv/.s* (tig. 101). 



The material upon which these fungi ar(‘ grown (*onsists, as has 
been stated, mainly of the ex<*rement of the beetles or their young, 
mingled withchijis of wood wliich liave passe<l through the intestines 
of the insects and have* Ix^come stained with a color Avhich is charac- 
teristic in each spe(*ics. The fungus bed in the s]>eci(‘s represented 
by the ambrosia of A", rrlsus (fig. 101) is a (h^ep brown; that of 
the ambrosia of A". xykxjrapliKs is yellow. Tln^ walls of the brood 
chamber <?overed with the latter oftf‘n appear to be (ioated with a 
powder resembling sublimed sulphur. 

In the two groups or genera of ambrosia beetles which we have 
hitherto considered the young live socially witli tludr elders. In the 
larval stage, although deprived of l(‘gs, their bodies are provided with 
various devices whicli enable tlnun to move freely about the galleries*. 
Another large series of ambrosia-eating timber beetles pursue an 
entirely different system of rearing their young. The larvse are not 
only legless, but destitute as well of any locomotive contrivances, and, 
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likip iha pllibs 01 bees and wasps, are sei^irately inclosed in cells, 
which they never leave nnlil they become adult. 

In all tiii cradlo-makinjif ambrosia beetles the sexes are alike. The 
perfect inaies arc winged and a<H;ompany tlie females in their flight. 
One or two males nsuall}^ assist efwdi female in forming a now colony. 


Their galleries, one of which 
is shown by flg. 1^7 (galleries 
of Xyloie^is refiisus), extend 
lather deeply into th(‘ wochI, 
with the branches mostly in a 
hori/iOnts^ plane. 

The mother beedie (1(‘ posits 
her eggs singly in circular pits, 
which she (^xcavatc's in tlu' gal- 
lery in tvo opposit<‘ s<*ries— 
one up and one down — ] parallel 
with the grain <»f lln* wood. 

The eggs are loosely packed in 
the pits with chips and mal<‘- 
rial taken from the fungus h(»d 
which she has pr(‘viously pn*- 
pared in tin* vi(*inity and upon 
which the ambrosia has b<‘guii 
t.o grow. 

The young lar\a* as s(K>n as 
tliey hatch eat the fungus from 
thcFK^ chips and tM*(‘ct the refuse* 
from theiT<*radh‘. At first they 
lie curled up in the pit made 
by the mother, but astlicv groN\ 
larger, with their own ja>Ns, 
they deepen) their <nadh‘s, until 
at full growth tin* latter slightly 
exceed the length of llu^ larva 
when fully <‘x tended. The lai - 
va^swalloAv the wood whi(*h th<\v 
excavate, but <lo not digits! it. v 
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INJl KIES ( Al'SEl> HY AMBROSIA HKETLKS. 


As a rule, jiopulous <*ol()uies of these beetles and borings so numer- 
ous and extensive as to inflict serious injuries are foiuid o))ly in trees 
which before the attack began were sick unto dc^ath with maladies 
for which the timber beeth^s are in no w'lso rc^sfionsible. The few 
species wiiiiih enter the sai>wood of vigorous trees do not form large 
colonies^ and the <'>trect upon the health of tlu^ tree is not appreciable. 

or two sp<'cie8, it is true, have the liabit of sapping the life of 
twigs or small branches with an encircling biirnnv, and a siiecies of 
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Corthylus docs considei'able injury in this way to young t)tfee3 and to 
shrubbery in the forests. 

The defects in wood caused by tlie gallei'ies and the stains left by 
ambrosia beetles probably entail more serious losses than their direct 
attacks upon living trees. 

The majority of the species confine theii* (h‘[)rcdati()ns to the sap- 
wockI of recently felled or dying t rees. They thereforii affect injuri- 
ously the least valuable portion of the wood. On tlu^ other hand, 
some of the larger and stronger species ar<^ (capable of (‘iitirely destroy- 
ing for any us(*ful i)urpos(‘ except for find tin* timber of the largest 
trees. Their l)()rings penetrate the h(*art wood in every dir*ection and 
riddle it witli holes. 

Oceasional bla(*k hohvs and stains left by tln*se I>e<dh*s in the heart- 
wood of timber otherwisi^ sound reduee its grade ainl its value in the 
tnark(‘t, and render it unfit for use wIkuh* llie full sti*ength of the ma- 
terial is r(*(jiiir<*d. 

The damag(* to timber inteinleil for use as (‘ask ln*adiTigs, staves, 
shingles, and tin* like, is very s(*rions. (’ask mak(*rs fre({uently repair 
the damag(S wlien not too (*xteJisiv(*, byelosing tin* hol(*s with womlen 
X)ins. Tlie lioles made liy <*ertain sjieeies of timlxn* l)(*(d.les can not 
be [)lugged, but in most (‘us<*s, owing to tin* uniform s>st(*m followed 
by eaeli speci(*s in constrin'ting its galleries, a particular metlnKl of 
sawing is capabh* of reducing tin* damage to a minimum and of effect- 
ing a very consid(*rabl(* saving of material. 

REMEDIKS. 

From what has lM‘(*n said of the natiin* of tin* food of these b(*etleK, 
it is evident that any iindhod by whieh tin* ent ranee to their galleries 
in the bark ean Im^ cl()S(*d will efT(*etnally ])ut an end to the j)rogress 
of their (*oloni(^s. Pi*rhaps the best means of a(*eomplishing this is 
by coating the trunks with d(*mlroline or raup(*nleim. light brush- 
ing or spraying of the bark with creosote* or keros(*in* will sometimes 
accomplish the sann* result, es[)e(*ial]y at tin* beginning of an attack; 
but this ean not be de])einh*d upon to ])ermain*nt!y ])rotoet the trees. 
Valuable fruit tre(*s whicdi have suff(*red injury from fire or frost 
can not always lu^ [irotecded from atta(*ksor tin* ]>or(*rs by coating the 
bark, becaus(>! of the risk of injury to thcs buds which must Ik 5 allowed 
to grow upon the trunks. In such (*.ases, if ambrosia licet Ics enter the 
wood their holes must. Ix^ plugged. An excellent method is to insert 
an iron wire as far as it will go, cut it off, and leave tlie ])iece in the 
hole. The inhabitants of colonies thus imprisoned are unable to 
extend their liorings and inevitably jierish. 



CARE OF DAIRY UTENSILS. 


By R. A. Pearson, 

Assistant Dairy Division^ Barvan t)f Animal Industry, T7. S, Jk^j^arfnient 

of Aijrienliurv, 

CLEANLINESS UNDERLIES ALL S(’( ( ESSFT^L WORK IN DAIRYING. 

Makers of firs1-(*hiss biittor and ehoose and tho best dairy farmers 
and milk dealei's in general a1ta<*h the ^real<\st import an(*e to cleanli- 
ness. They know that it is as lUHM^ssary tb havt*- elean nt(»nsils in the 
dairy as it is to hav(‘ (dean milk, and that the lar<»(\st profits are secured 
only when cleanliness is r(‘(|iiir(Kl in c‘\ cry branch of the work. Milk 
may beprodne(Ml in sanitary stabh^s by well-fedand weil-(*ared-for cows 
and drawn in a cU^aiily manmM-. Thes«^ conditions (*ontrilmte much 
toward suiierior dairy })rodu<*ts; but tlu^ <>:ood (‘tf(‘<*ts of such (*are are 
wastiKl uiitess it is (‘xten(h‘d to th<‘ ut<‘nsils. Wlien this fa<‘t is fully 
aiipreciatod and projau* alt(‘ntion is ^iven to cl(‘anin.ic and earing for 
utensils, the (piality of* dairy produces will Ik‘ improve(l. 

A butter make* r hos(‘ ])roduct was d(‘S(*rib(Hl as (»f V(U'y superior 
flavor, being ask<Ml th(‘ s(*cr<*l proe<*ss by whicdi such title bult(*r was 
made, replu^l, “1 ha\<‘ no siauet beyond this: I am always very 
particular about kee|)iug tlioroutrhly clean i^very \(‘ssel with which 
the milk ami (M(‘am eonu‘ in contact.” This is om‘ of the chief things 
that enable om* milk d(*al(‘r to <diarg(‘ lo (*mits a (piart whil(‘ others 
sell for fl cents, or oin^ buttm- maker to g(d :U) cents a pound for Ids 
butter when others n^tauNc but iMi cents. 

It is now-well known that chang(‘s of milk are deptmdent upon bac- 
teria, and tin' rapidity with whiidi germs multiply in milk has been 
frequently ref (*rr(*d to in pulilications of th(5 Department, Bacteria 
are especially nunu'rous in and around a daii*y, and they get into the 
milk in many ways. Tln^ diflieulty is to ki'ep them out; this reipiires 
the milk to Im* haiidhal in sueh a way that no eontamiualion ean take 
place. Theoretically, this is (*asy, but. in prmMiee it is impossible. It 
is possibte, however, to giH'atly reduce the souices of eontamination, 
one of the most (M)mmou and inexcusable of which is improxierly cleaned 
milk veewwls. 

ThousiMids of baideria, may be eoneealed in a ereviee so small that 
it can handly be seen, and if these get into the milk th(»y may increase 
more than one thousandfold within twenty-four liours. A little milk 
left undw the rim or about the ‘Stars’’ of a tin pail liarbois a much 
larger nuanlx'r of germs, and their deleti'rious effect is correspond- 
ingly great. Improperly cleane(i churns contain myriads of bacteria, 
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which impart a peculiarly disagreeable flavor to eadii 
Cheese makers are frequently troubled by tainted milk m floating 
curds, and a poor quality of cheese results. These eonditiions are often 
accoiinteil for by carelessness in cleaning utensils either on the ffunn 
or in the factory. Many city milk dealers have had likeies:perieiiees« 
Their trouble is partly due to failure in cooling milk snlBciently to 
retard bacterial growth, but it is also partly due to not thoroughly 
cleaning the pails and cans. Some milk buyers insert special clauses 
in their contracts with fanners relating to cleanliness. 

The losses from negle(*t of the matter of cleaning ut-ensils exceed 
those caused l)y tlie addition of water or the abstraction of cream. 
Dirti in a solid or sedimentary form can easily bo removed from milk, 
but. its bad effects can not. Si>ocial strainers, filters, or the separator 
will make milk appear clean, but none of them (»an take out bacteria 
or the taints caused by them. 

A good water supply is essential to cleanliness, (-loar spring water 
or that from a deep well is usually the best. Water from cisterns, 
shallow W(‘Us, or streams is sometimes satisfactory, but if it is liable 
to be contaminated l)y 8iirfa(*e drainage it is not- safe. It may contain 
innumerable f(»rnis of v(\g<‘(able life and baeleria, which are capable 
of causing peculiar behavior in the dairy. There is also a chance of 
some diseavso-produciiig germs gaining entrance to the dairy through 
impure water. 

SELECTION OF DAIRY UTENSILS. 

In purehasing dairy utensils care should be taken to get those which 
can easily be eleaned. Other things being equal, the moi*e accessible 
the inside surface of an artiede^ for dairy use the moi*o valuable it is. 
Any having cojiiers or parts whi<*h can not be easily reached with 
water and a brnsli or cloth should be avoided. A vessel should l)e 
disc^arded if it has sliarji, angular corners, unless they are absolutely 
necessary, for they require too nuieh attention. All dairy utensils 
sliould be of hard material and have smooth surfacc^s. Wooden 
pails should never be ns<Hl for holding milk, as in the surface of 
the wood there ar(^ ininibcnless small pores and fissures. Each one 
holds a miinite quantity of milk, and when the pail is emptied the 
water of the milk quickly evaporates and leaves a residue in the small 
]'eeesses. It is impossible to perfectly clean these, and tkis is espe- 
cially true wh(ui the small cells connect by little narrow openings 
with others farther* back in the wood. 

Metal is the best juaterial for milk vessels, and tinware is com- 
monly used. It pays to have a good quality of tin which will not 
soon wear off, heaving the iron bare. Some other common metals are 
occasionally used, but are objectionable on account of their liability 
to corrode. joints and rims should be made smooth and the 

cracks entirely filled with solder. Cheap tinware is put together so 
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earetessly tibut the joints are often rough and uneven, and little pro- 
looting points of solder make it difficult to move the cleaning cloth 
along the seam. Pails and other circular tin vessels should have but 
one seam on the sides; better ones are made without a seam. 

It is important to keep the outside of utensils clean. In order 
to facilitate the work, the outer surface should bo so finished that 
every part can easily be reached by water and cloth. The outside of 
tinware should be finished as smoothly as the inside, and all wood 
apparatns should be carefully finished on the outside, being made 
smooth and having as few projecting nuts, rods, and braces as possible. 

Glass is sometimes used for holding milk. It was especially re<K>in- 
mended twenty-five years ago because of its “nonconductivity of 
lightning.” It is very smooth, easily cleaned, imparts no taste to the 
milk, and shows dirt plainly. On the other hand, it is expensive, 
brittle, and heavy, so that its use for larger vessels is limited. Tlie 
same facts apply in the main to glazed earthenware. 

Churns should be made of a close-grained wood which will not im- 
part taste or odor b) the butter. Special care should bo t aken tx> have 
the openings so largo that the work of cleaning can be easily done. 

Milk pumps and all other apparatus through which milk passes 
should be as simply constructed as possible, and in such a way that 
they may be easily taken apart to be cleaned. 

It is not economy to keep old, dilapidated milk vessels, churns, or 
utensils of any kind. Cans and pails with double bottoms or patches 
on the sides, having many dents, and large surfaces of bare iron from 
which the tin has been worn, and churns witli sides almost rotten, are 
responsible for much loss. Such articles are not found in the best 
dairies or factories. 

CLEANING. 

Almost any utensil can be cleaned by the persistent use of the 
scrubbing brush, hot water, and sal soda. The labor may be consicler- 
ably lightened, however, by observing some of the suggestions which 
follow. Every step in the operation of cleaning is important, and 
it can hardly be said that any one is more so than another; each 
requires strict attention, even to the minutest details. 

Clean promptly. — Fresh milk is easily removed from a surface, but 
if it is allowed to dry on and become sour, or perhaps decayed, hard 
work is required to get it off. Under the best conditions it is difficult 
enough to clean dairy utensils, but wheu they are allowed to become 
dry before cleaning the labor is greatly increased. If it is impossible 
to fully dean a milk vessel soon after use, it should at least be filled 
witii water, and then it can be easily cleaned later. 

Every part of am article that comes in contact unih milk shottlA be 
deemed wUh a brush or be in plain view v^hen cleaned. — A et'earn 
separator can not be properly cleanseil by running water through it, 
12 Am 28 
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and snob an effort is rarely made, but frequently the a^^aratus ie not 
taken wholly apart, as it should be. By means of long-handled or 
very small brushes, every part should be reached, special ease being 
taken to use the brush about all seams and joints. Much trouble is 
sometimes experienced with pumps used for milk; they should be 
taken apart to be cleaned every day they are used. The ont^de of 
utensils should not be neglected. Anyone who cleans glass jars ap- 
preciates this matter. 

Tinware . — ^Articles made of a good quality of tin and not battered 
or badly worn are easily cleaned. 

Milk should always be rinsed out of vessels before they are scalded. 
If this is not done, the albumen of the milk will be coagulated by the 
heat and adhere to the sides, making its removal dilhcult. It is im- 
portant, therefore, not to have the first ■wash water too hot. Cold 
water is sometimes recommended, but this is not necessary, as it may 
bo quite warm without changing the condition of the albumen. The 
be.st practice is to rinse the vessels with cold or warm water, then wash 
in hot water with the aid of some cleaning prejmralion, then rinse 
carefully and enough to remove all soap, sal soda, or other cleaning 
material, and finally sterilize in a steam chest, exposing them to live 
steam about three minutes. The methods generally nised in washing 
milk vessels are very imperfect. The vessels are often carelessly rinsed 
with cold water, then one is filled with hot water and cleaned with a 
cloth, the siirne water being made to serve for other vessels successively, 
being turned from one to another, and by the lime the last is reached 
the -water is no longer hot and is decidedly milky. When water is not 
hot, the grease is not removed, but simply smeared over the tin. Two 
wash sinks should be close together, one for the general cleaning and 
the other containing clean hot water in which each article is rinsed as 
soon as it has been washed. Most utensils easily diy after being 
steamed, but if they do not they may he put in a drying room or 
wiped with a clean cloth. They should be placed in pure air, and in 
sunshine if convenient, though this is not necessary if well cleaned 
and thoroughly stoiilized. 

Cans and pails for carrying milk should bo used for no other pur- 
pose. It is well to have the cans cleaned and sterilized at the factory, 
■where there are special facilities for this work. In many cases this 
is done for the patrons free, while in others a small charge is made. 
Milk cans and pails should never bo allowed to stand in the stable 
before they are needed thei’e for use. Myriads of bacteria are con- 
stantly floating about in the air of the stable, especially when dust 
is raised by feeding, and milk utensils should not be unnecessarily 
exposed to them. They should be kept in a clean place, -with covers 
off, surrounded by pure air, and should always be rinsed -with clean 
water just before milking time. 

Milk coolers are apt to be badly neglected, often because they are 



CAKE OF BAIBY UTENSILS. 


435 


used in or umr ilie stable and it is not convenient to take them to 
the dairy bouse or kitchen to bo cleaned. So they are simply rinsed 
off with cold water and allowed to remain where they are used. In 
cases where they are cared for in this way their effect on the milk is 
worse than if they were not used at all. 

The heavier metal utensils and their parts are cleaned in the same 
way as tinware. The cleaning of a separator bowl is aided if it has 
been flushed out with warm water instead of skim milk. 

Glass. — The directions for cleaning tinware apply almost equally 
well to articles made of glass, porcelain, and earthenware. In most 
factories and dairies there are few such articles to be cleaned, although 
glass or porcelain may bo used for milk-setting vessels, and earthen- 
ware is used for milk or cream receptacles and for butter jars. The 
bottles for the Babcock test arc frequently the only glassware; but 
these are sometimes so neglected that accurate results with them are 
impossible. They should be cleaned with hot water immediately after 
use; a few drops of sulphuric acid or strong alkali will usually aid in 
removing matter adhering to the bottoms of the bottles, and their 
necks may bo cleaned with a slender brush made for the imrposo. A 
great deal of milk is now placed on the market in glass jars. These are 
easily cleaned, as dirt on the glass is readily soon. Tliey should be 
allowed to remain in warm water for a short time and then treated 
as above described for tinware. If they have attached tops, special 
care should bo given to these and the arrangement for holding them 
on. These are the i)arls most liable to hold foreign matter. The tem- 
l)oraturo of glass must not be changed too suddenly; much breakage 
often results from neglect in this particular. 

JJ'^oodrn artirlfs, — Churns, butter workers, and other utensils made 
of wood and used for handling butter should have any small particles 
of butter loosely adhering to them removed wdth cold water immedi- 
at<dy after use. They may then be scalded with the first wash water if 
no albumen is present, wliicli is usually the case on the butter worker 
and smaller wooden articles and on the churn when the butter has 
been washed in it. No article in the establishment is more liable to bo 
slighted in cleaning than the churn. A few revolutions of the churn 
with some boiling water in it and a little of some cleaning material 
sliould bo followed by a rinsing with hot wrater. It should then be 
carefully inspected, and, if found necessary, again thoroughly cleaned 
and rinsed. The inside of the churn should bo kept smooth. For this 
reason rougli materials for cleaning are objectionable, as is also the use 
of large pieces of ice for cooling the cream in the churn. 

All w^ooden utensils should be scalded, or, better, steamed, after 
being washed. This treatment is especially necessary for the churn. 
Hot steam penetrates every corner and joint and gets into the wood 
enough to melt the fat that has boon soaked up. It requires little 
time to attach a hose to the buttermilk outlet ami steam the churn 
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after washing it. When this is being done, the cover mm%^ not beiaa* 
tened down, or some damage may result from too great steam pressniu 
Care should be taken not to expose the churn too long to t>he steamj 
as this might cause it to shrink and allow the joints to loosen; and 
care should also be taken to loosen the nuts on the binding rods of a 
new churn to allow the wood to swell. After cleaning and sterilizing 
wooden utensils, they should be inverted in a clean place where they 
can drain and be dried by fresh air. It is well to put tliem in the sun 
for a short time, but not long enough to crack. 

Before the butter printer, ladles, and other articles made from wood 
are used they should be soaked in hot water and rinsed in cold water. 
The wood is caused to swell by the first treatment, thus closing the 
pores, and the surface is chilled by the cold water so tliat the butter 
fat coming in contact with it is made hard and does not stick to it. 

Iron . — The scales, testing machine, pumps, sei)arator frame, and 
other similar articles should be regularly cleaned. Hot water and a 
brush are usually sufficient to keep these in good condition. After 
they have been cleaned, they should be wiped dry with cloths or waste. 
A coat of black asphalt varnish on iron from which the paint or var- 
nish has been w^orn prevents rusting, improves the appearance, and 
lightens the labor of (leaning. 

Cloths, sponges, and rubber rings should be thoroughly rinsed in 
warm water and then cleaned in hot water and scalded in boiling 
water or steamed. 

The cleaning of dairy utensils is aided by the use of mechanical 
appliances and some materials which ai'o added to the water. These 
are discussed below. 

APPLIANCES FOR CLEAMNO. 

Many patent mechanical devices for cleaning dairy utensils have 
been put on the market, but their general adoption is slow. Bottle- 
Washing machines, consisting of rapidly revolving brushes, are in 
operation in some large milk-sliipping stations, while in others all the 
cleaning is done by hand. An arrangement that has been recom- 
mended for cleaning bottles consists of a piece of rubber liose split into 
fingers and rapidly revolved in the bottle. Where much cleaning of 
cans has to be done, large revolving cylinders covered with brashes are 
sometimes used. Light power is required for these brush machines. 
Hand or foot power is sometimes used, steam and small electric motors 
are frequently employed, and w^ater power is successfully applied. 
Patent appliances are advertised for cleaning some dairy machinery 
without taking it apart. It is doubtless a saving of time and labor 
to use such aids, but they can not be depended upon for |)erf6Ct work. 

A stiff brush is one of the best cleaners known. Brushes are made 
in all shapes and sizes — very small ones for cleaning the necks of 
test bottles; long, slender ones with flexible handles for cleaning 
straight or curved tul>es; round brushes on the end of a stick or 
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wire ba&dle about 10 inches long for bottles; various-shaped flat 
ones, similar to the ordinary scrubbing brush, for large surfaces, and 
Inrushes of roots or tough twigs for rough surfaces and hard scrub- 
bing. The ordinary brush with an extended handle is convenient for 
eleauing cans, as it makes it unnecessaiy to put the hand into the 
water, which may be used very hot. 

A coarse cloth answers the purpose of a brush, but special care 
must be taken to clean it after use. A sponge should not be used in 
the dairy, as few persons will t^iko the time nec^essary to keep it clean. 

Every factory and creamery should include in its equipment snila- 
blo wash sinks and a steam tank. Tw^o wash sinks are usual, or a 
long one divided into two parts — one for w^ishing and the other for 
rinsing. They are in the form of a wooden box, standing high enough 
for convenience in use, and sometimes lined with tin or galvanized 
iron. A shelf may be attached to one end, inclined toward the sink, 
for use in draining the utensils. Each sink should be large enough 
to hold a 10-gallon milk can and so deep that 8 or 10 inches of water 
will not easily splash over the sides. It should be connected with the 
drain so that water will not run over the floor, as it does in many 
factories. The sinks should be connected by pipes with the water 
supply in order that cold water can bo had at will, and if steam is 
available it should be brought direct from the boiler to the sinks; 
thus water can be quickly and easily heated. Steam admitted directly 
into the w’^ater from the end of a i)ipe makes a loud noise, but this 
can be avoided by an attacliment to the end of the pipe which diffuses 
the steam and renders it noiseless. When water is used for steriliz- 
ing, it must be kept very hot, and some provision should be made to 
constantly Tiiaiiitain the proper temperature. This is e«nsily done by 
injecting steam into the w^ater, but if steam is not available a special 
heater may be used, so arranged that hot w^at;er from the boiler is 
continually entering the sinks, fresh water being supplied to the 
boiler, and an overflow placed in the sink to carry off as much as is 
added, or the water is caused to flow from the sink to the boiler, 
where it is reheated and returned. In some cases the water is kept 
hot by being used while it is over the stove. Each of these latter 
methods is objectionable on account of the loss of heat, or of the 
return of dirty w^ater to the boiler, or of its inconvenience, and steam 
is much pixiferrcd. 

The direct use of steam for sterilizing is very common. In many 
factories and dairy houses there is, adjoining the wash sink, a table, 
in the center of which is a steam jet, and when cans arc washed th(>y 
are inverted over this jet and steamed for a few moments. This 
method of steaming answers the purpose fairly well in certain cases, 
as when a large number of cans are washed and a special room is pro- 
vided for the purpose, or the steam jet is under a hood which conducts 
the escape(i steam to a pipe leading out of the building. Special care 
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should be taken to make the exposure long enough, but one using 
this system is liable to make the time too Another obieotima 

to it is that the steam does not come in direct contact with the outside 
as well as the inside of the cans. More perfect work is acoompliidied 
by a steam chesty in which the smaller utensils, such as cans, paik| 
dippers, glass jars, etc., may be placed and entirely surrounded with 
steam as long as desired, A galvanized iron chest from 3 to 5 feet 
each dimension is large enough to hold the utensils, except vats and 
machineiy, ordinarily used in a creameiy or cheese factory. When 
many cans are to be cleaned, the chest should be large enough to 
hold a dozen or more at a time. All joints must be made as close as 
possible. The doors should bo large, so that articles may be easily 
put into or removed from the chest. At the top of the steamer there 
should be an escape pipe 2 or 3 inches in diameter and passing out 
of doors. The flow of steam through this may be controlled by a 
valve, and each time the steam is turned off a few moments should 
be given to allow most of it to es<*ax)e from the chest through this 
large pipe before the door is opened. If this is not done, the operator 
may bo severely scalded by opening the door while the steam is still 
under ijressiire. Steam should bo admitted at the bottom, and the 
bottom should have enough incline to cause all water foniied by 
condcMisiitioii to run off through a trapped i)ipe leading to a drain. 
About G inches above the bottom a movable false bottom of stroiig 
wire netting or iron framework maj^ bo i>laced, on which the articles 
arc put in an invei'ted position. If more room is required and the 
articles are small, shelves similar to the movable bottom may be used. 

Several different materials are employed for constructing steam 
diesis. Wood gives good satisfaction when the chest is used often. 
It should bo firmly bound to provont bad results from warping. Gal- 
vanized iron is a common material, and copper is sometimes used. If 
a metal is used, the door should be double to make it rigid. 

A convenient method of steaming utensils on a large scale is to 
have, instead of a tank, a steam closet, the floor of which is on a level 
with the main floor of the building. A light truck with skeleton 
bottom and sides may be loaded with articles from the wash tanks 
and quickly rolled into the closet, steamed, and the utensils taken to 
tlieir proper places with very little handling. Such a saving of work 
amounts to a great deal in a large factory. 

Steaming is often omitted for the want of a suitable cheat or closet. 
If no better method is available, an ordinary wooden box with a 
light-fitting cover may be easily and cheaply arranged. 

Every dairy utensil should be frequently sterilized, and nothing is 
better for this purpose than superheated steam direct fromthe boiler. 
Not an inconsiderable amount of steam is needed for this purpose 
and for heating water and, when necessary, the building, fand these 
facts should be borne in mind when a boiler is purchased, fcare beiiig 
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taken to have its capacity greater than required by the engine, so 
that steam can be taken at any time for these other purposes. But, 
if desired, small boilers may be obtained for furnishing steam for 
heating water and sterilizing only, their cost being $25 or upward, 
according to size. Such a boiler is esi)ecially recommended for any 
factory or largo dairy not already equipped with steam. 

MATKKIALS FOR CLEAN INO, 

Sal soda, known as washing or laundry soda, is widely used for clean- 
ing dairy utensils and is one of the best and cheapest cleaning agents 
known. It may be safely used in the dairy, as it is neither poisonous 
nor corrosive. The proportion of sal soda to water for cleaning pnr- 
p<ises is small, and can bo quickly learned by experience. The sub- 
stance is objected to by some people because it blackens tin, but this 
does not occur unless loo much is used and tlio utensils are not 'well 
rinsed after its use. 

The value of various alkalies for cleaning has long been known. 
Our grandmothers knew that wood-ash lye, or soft scaj:) made from 
strong lye, was an eflTectivo agent in cleaning a bad-srnelling milk can 
or churn, and lye (generally in the commercial form, concentratiai, in 
cans) is now sometimes used in creameries, especially in hot w<jather, 
for tlio same purpose. The objection to such a strong alkali as lye 
(eausti<*. soda or caustic i>otash) is its ofTect on animal tissues, which 
it readily dissolves, or “oats,” causing the skin of the hand to cor- 
rode and crack. It will also dissolve the sap and resin in the sides 
of a churn and cause the wood to splinter. Soda lye is cheaper than 
l)otash Ij'C, and is the form of strong alkali commonly nsed. 

Inumerous i)reparations in the form of soaps and soap i)owders are 
made for use in dairies and factories. They are usually a strongly 
alkaline soap ground into small bits, or a mixture of powdered soap and 
S(>dium carbonate (sal soda). Oils and sodium carbonate are the chief 
materials used in the manufacture of these (dearisers. Mineral matter 
is someiiirii's cmx>loyed for adulteration. It is claimed that cheap 
fats and rcsiu arc not miicli used. Special ch.^ansors cost three or four 
times as miicli as j)lain sal soda, but many operators i)refer them be- 
cause of their convenient form for use and their greater cleansing 
power, reasons for this being the largo amount of water held by the 
soda and its slownc.ss in going into solution. Another reason is un- 
doubtedly the greater cost of the preparations, which leads to more 
care in their use, and hence better results. Sal soda is excellent for 
removing fat or grease, but soap may be better with other forms of dirt. 

The ordinary laundry soaps are made with cheap fats, and contain 
much resin and frequently an excess of alkali. They are quite liable 
to adhere to the utensils sufficiently to impart a disagreeable taste and 
odor tp the milk. If low-grade materials were used for the powders, 
they would bo as objectionable as cheap soap. 
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Dairy utensils frequently become dull and require t<f be scoured* 
One of the commonest materials used for scouring is saltj it is cheapi 
does good work, leaves no bad flavor, and it should be used even more 
than it is. Sand is sometimes used, but it must be very flne or it will 
scratch the utensils. Some soaps have fine sand mixed with them, 
making an excellent combination for scouring. 

STERILIZATION, 

About a century ago it was thought that milk vessels were cleaned 
to free them from acid, and one of the old dairy writers (Cramp, 1809) 
advised boiling the pans from two to three hours to remove the acid 
and thus prevent the butter from being ‘‘hot and bitter ” Such treat- 
ment doubtless gave the desired results, because it not only removed 
any acid that might be present, but it removed the cause of the acid, 
which was bacteria. 

By st/erilization of a utensil is meant the destruction of the life of 
all germs which may be on its outer or inner surface. The object 
of sterilization usually is to kill the bacteria that cause milk to sour 
(lactic acid bacteria), and which may not bo removed in the ordinary 
washing. But sterilization of utensils is very important for other rea- 
sons; it destroys germs causing other than the lactic acid fermenta- 
tions and those causing peculiar changes in milk, as well as pathogenic 
or disease-producing germs. The temi>erature of the wash water gen- 
erally used is not high enough to kill bacteria, and many of them 
remain on the article after it has passed through the water, ready to 
plant themselves in the next milk ^vith which they come in contact. 
It has been shown that when all these are destroyed the number of 
bacteria in milk is very much lessoned. For this reason sterilized 
vessels are recommended instead of unsterilized ones cleaned in the 
usual way. Experiments conducted in the Department of Agricul- 
ture prove that milk in well-cleaned vessels may keep sweet twenty- 
four hours longer than that in worn tin cans, washed as thoroughly as 
is done in many dairies, but not sterilized. 

In practical work, articles are not rendered absolutely sterile. This 
would require a long exposure to steam under pressure and neces- 
sitate an especially strong chest. The methods generally followed are 
referred to elsewhere in this article. Care should be taken to make 
the exposure long enough to kill all active germs that may be present. 
Different species of bacteria are killed at different temperatures; some 
species have groat powers of resistance, and spores usually withstand 
a high temperature. It is fortunate that a comi)aratively low tem- 
perature is fatal to most of the growing forms and to pathogenic 
bacteria. The lower the temperature to which bacteria ar^ exposed, 
tJie longer must be the exposure. The temperature of steam under 
a pressure of 20 pounds or more, as it is in the boiler, is ifliove that 
of bqlUng water, and if steam under this pressure is coridnoted to 
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B small oBest and there is little condensation, a usually safe rule is 
to allow the steam to outer for three minutes. In some cases, where 
STory precaution against contamination is taken, the time is extended 
to fifteen or twenty minutes. Often there is little pressure and much 
condensation in the chest, especially in one made of tin or galvan- 
ized iron and situated in a cold room; in such case the exposure 
should be long. 

Another advantage of steaming utensils is that they are heated so 
hot that they dry quickly and more perfectly than when wiped, and 
this tiresome work is avoided. 

Hot water is used for sterilizing in some dairies and factories, and 
is efficient so long as it is kept at the boiling temperature, but with- 
out a thermometer one may be easily deceived and think that water 
is boiling hot when it is far from it. Few persons can work in water at 
130^ F., and it is considered very hot at 150^ P. A little rinsing water 
at this temperatui'e may be of use to remove wash water, but it does 
little in the way of killing germs which have escaped the brush. 
Few persons can tell when water is near 212^ F., and it is doubtful if 
it is often above 200° F. wdien used for scalding. Steaming water is 
not necessarily hot; cold water may steam” under certain condi- 
tions. Different methods of heating water have been referred to in 
this article. 

G^erms are killed much moi*e easily w^hen in a moist medium than 
when they are dry. For this reason a higher degree of temperature 
is required w hen hot air is used for sterilizing than when steam is 
used. In hot air a temperature of over 300° F. and an exposure of 
at least an hour is necessary to complete sterilization. A chest for 
hot-air sterilizing is more expensive than the same for steam, and it 
requires more heat, meaning extra expense and much discomfort in 
warm weather. For these reasons hot-air sterilization of daii-y 
utensils is rarely practiced. 

The use of chemical disinfectants for sterilizing dairy utensils is 
outi of the question, as they are solid materials or fluids or gases 
having objectionable properties and are frequently poisonous. 

BUILDINGS. 

A subject so close to the one discussed above that it is difficult to 
separate them is the cleanliness of buildings in which dairy opera- 
tions are conducted. Clean chums, cheese vats, cans, strainers, dip- 
pers, brushes, and cloths are not usually found in dirty factories or 
dairies. Some factories reek wdth filth, but fortuuatelj' the numl)er 
of these is very limited and their output small. Their disagreeable 
odor, caused by decaying milk, rotting wrood, foul drains, molds, and 
general filth, can not be gotten rid of by scnibbing and a coat of paint 
or whitewash. Usually the only satisfactory miy to deal with such 
places is to burn them. 



442 YBAKBOOK OF THB U. S. DBPAKTMBSt OF AGRICUIiTO»B. 


When a building is to be construeted for creamery purposes^ an 
elevated^ well-drained location, or one that will always be dry, should 
be selected, and the best possible drainage must be provided; if this 
is not done, a clean factory is out of the question. If the matter of 
drainage is neglected, a sour, musty odor will soon penetrate the 
entire building and make the manufacture of finely flavored products 
an impossibility. N'o bad smell should bo tolerated inside of or about 
a creamery building, and the building should bo situated where no 
pronounced odor can reach it, whether from stables, manufacturing 
plants, or natural causes. It is not the inirpose here to say how a 
building should be planned, but it may be stated that convenience 
and comfort conduce to cleanliness. There should be plenty of room 
and places for everything, care being taken to have slielves or hooks 
or drawers for the small utensils. Yentilation is essential to good air, 
and provision should be made whereb}^ the air may be changed as 
often as necessary. 

A room in which dairy operations are (iondiicled should bo used for 
no other puri)Ose. Cream is frequently ripened and butter made in 
a pantry or where cooking is takingplaco or in afoul-smelling cellar, 
and it is not understood why the flavor and keeping qualities are bad. 
Dairy products absorb odors from the atmosphere very readily, and if 
cream or butter is exposed to the air of a close laider where various 
kinds of food are kept, or to the kitchen or laundry air which smells 
strongly of steaming vegetables, suds, or sniok(% or the musty air of a 
cellar, an unpleasant flavor in the butter may be expected. 

As long as an article is kept dry, the develoxniieiit of bacteria is 
restricted, but as soon as it becomes daiui) one of the Jieeessary con- 
ditions for growth is x>i‘ovided, damxmess being to them as essential 
as warmth. It is imx)urtant, therefore, to keep the factoiy iuid dairy 
dry. An excess of water is almost as bad as a deficiency; constant 
splashing makes the floor wet and sloj^py. When it is X)()ssible, the 
wash sinks and steam chest should be Iji a room sexiarated from the 
main working room of the building. Diyuoss is also i>romoted by 
good ventilation. Cracks in which dirt lias accumulated contain an 
incredible number of bacteria of many sx)ecies, and when this dirt is 
moist they multiifly with the greatest rax>idity. When a building is 
constructed, care should bo taken to avoid cracks, corners, and crevices. 
Cement is generally recommended as the best material for the floor, 
and when it is on a good foundation (so that it will not crack) and its 
surface is smooth thorough siitisf action is given. Flagstones are not 
uncoimnoii. When they are used, the joints should be filled with 
cement. Tile floors and walls are found in a few dairies, but ar© not 
extensively used on account of their high cost. Walls are occavSion- 
ally constructed of hollow brick or tile, which aid in keeping out the 
theat. Table tops and shelves arc sometimes made of slate or marble, 
cither of w hich is very good so long as it does not crack. Light is 
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almost essential to cleanliness; sunlight is a good disinfectant and at 
times it should be allowed to pour into tho building and shine unre- 
stricted on the utensils. A building should bo so well lighted that dirt 
in any part can bo readily seen; a dark corner is not likely to be as 
well cleaned as a light one. It is a great mistake to cover the inside 
of a building with dark paint, so that fly specks and other dirt will not 
show. On the contrary, light-colored paint should be used, not only 
for better general eflect,but with the object of making all nncloanliness 
plainly seen. 

In tho care of a building the work may be greatly lightened by 
giving attention to some small matters too often entirely overlooked. 
Many faelorit^s are surrounded with ashes, cinders, or mud, sticky at 
times, and everj^ono entering carries in some of this dirt. A few loads 
of gravel outside of each door or, better, a flag or board walk, would 
reduce this nuisance. I’ersons wearing dirty work clothes should not 
be admitted. Farm hands frequently have full liberty to go where 
they please in the creamery or factory, and they carry legions of bac- 
teria to places which should be kept scrux)ulously clean. On dairy 
farms llio necessity of stable employees entering the dairy house to 
deliver the milk maybe avoided by tho use of a conduit which passes 
through a sleeve in the >vall. This lias a I’cceivcr on tho outer end 
into which the milk is poured and conducts it to a cooler or milk vat 
within. Some of the black dirt can 1^ avoided by occasionally sprin- 
kling the i)ile of coal from which dust rises each time it is stirred. 
And if the w^ater sux^ply is abundant it is well to sprinkle tho road 
near the building, both to settle tho dust and to cool the air. Screens 
on the doors and windows will contribute a great deal tow'ard cleanli- 
iivsH by shutting out flies aud other insects. 

The building sliould be cleaned regularly, special care being taken 
to remove from the W'alls spots of mold and any dirt that may contain 
colonies of bacteria. As much care sliould be taken to keep the floor 
dry as is used in the kitchen, where, if cleaning is needed in a certain 
I>la(^e, a little water is used and immediately wiped up. The floor 
should be thoroughly cleaned daily after tho w'ork is completed, first 
scrubbeil w ith warm w^ater and then scalded t o partly sterilize it and 
to make it dry quickly. If it is uneven, tho water should be removed, 
else little i)ools remain and keep the place damp until they have evap- 
orated. A convenient instrument for removing the water is a mop 
made by attaching a strip of rubber to a piece of wood 4 inches wide 
and 18 indies long, so that the rubber projects about an inch beyond 
tho side; at the center of the wood a handle is inserted. With this 
ai>pliance almost all tho w^ator can be removed from a flat surface. 

Tho wash sinks and vats should be connected with the drain. This 
piuveuts unnecessary slopping and also makes it jiossible to flush the 
drain frequently. If this flushing with crater, wiiich is occasionally 
boiled before use, does not keep it clean, copperas sliould be placed 
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in the drain as a disinfectant* Tanks of cold water are frequently 
used for storing milk and cream. The water should be changed often 
enough to prevent it from becoming foul from milk or from dirt from 
the outsides of the cans. 

One of the greatest nuisances about many factories is the skim-milk, 
or whey, tank. It would not be necessary to remove this several rods 
to avoid its stench if it were properly cared for. Some tanks are not 
cleaned during the entire summer, some are cleaned once a week, 
while some careful operators clean their tanks daily. The tank 
should be easily accessible, and care should be taken to have the 
by-product which it contains exhausted each day in order that the 
tank may be thoroughly cleaned. If this is impracticable, two tanks 
may be employed, the larger one to be drained into the smaller after 
most of its contents have been taken away by the patrons; it may 
then be cleaned, and the smaller one should bo cleaned as soon as pos- 
sible after it is emi)tied the following day. In a creamery, one tank 
may be used for sweet skim milk and another for buttermilk, and 
these may be cleaned on alternate days, anything remaining in the 
one to be cleaned being run into the other. The sweet skim milk is 
always put into the clean tank. If the cans in which milk is deliv- 
ered must be used for returning the by-prodnet, the latter plan is by 
far the better, because it avoids the necessity of putting a very sour 
fluid into vessels which should be kept sweet. The agents usually 
employed in cleaning these tanks are a brush, scalding water, and 
washing soda, or lye. They should first be rinsed and partially 
cleaned with warm water. 

Floors, ceilings, walls, utensils, and operators are usually alike, so 
far as cleanliness is concerned. Butter and cheese makers should have 
pride in their own appearance; they should be clean and neat. Wash- 
able white cloth is the best material for dairy work clothes, wliich 
should be changed often. When all the work of a factory, including 
the care of the fires, is performed by one individual, it is almost impos- 
sible to keep clothes clean. It may be done, however, and will be 
found much easier, if a little time is given each day to keeping the 
boiler room clean. It is important to have clean hands. In some 
factories where food materials are prepared the employees’ hands are 
examined ])y the superintendent before they are allowed to go to work. 
Operators should be more careful in handling milk and its products, 
and should not have the habit of dipping the fingers or hand into 
milk, cream, or butter when not necessary. No person who has been 
working in a stable, barn, or field should work in the dairy or factory 
until he has washed, and changed his clothes. Rubber boots are 
objectionable in creameries and are needless if the floor is kept prop- 
erly dry^ Basins, good soap, and clean towels should always be 
availald^ in every creamery; the presence of these things suggests 
their tBe, 
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By GEOttOE E. Howard, 

Secretary of National Poultry and Pigeon Aneocmtion. 

[The term “poultry,” as used in this article, does not include ducks, geese, or 
turkeys, but is restricted to what, for want of a more specific designation, is com- 
monly known as the barnyard fowl, or common chicken. Of these, there are, accord- 
ing to the writer of the article, 87 standard and a large number of promiscuous 
varieties raised in this covmtry. Only a few of the most important are treated of 
in this article.] 

PLYMOUTH ROCKS. 

The Plymouth Ro<^k is the most popular of all varieties of poultry 
as a general-purpose fowl. Its medium size, hardy growth, and good 
laying qualities make it a j)ractical fowl for the farm, l^he Barred 
variety is the most generally known of the Plymouth Rocks, and its 
history dates back a little over a quarter of a century. Various 
bloods were used in its making, the belief being general that it 
originally came from a cross between the American Dominique and 
the Black Java. It has also l)een shown that the light Brahma, Dark 
Brahma, and Pit Game have been used in its making. 

The Barred Pljntnouth Rock (fig. 108) is of agrayish-Avhite color, regu- 
larly crossed with parallel bars of blue-black running in straight, dis- 
tinct lines throughout the entire length of the feather, and showing on 
the down or undercolor of the feathers. The barring is somewhat 
smaller on the hackle and saddle feathers than on other portions of 
the body. The bird is of medium size, with broad neck, flat at the 
shoulders, the breast is full, and the body broad and compact; medium- 
sized wings, that fold gracefully, the points being well covered with 
breast and saddle feathers; a medium-sized head, ornamented with 
upright, bright-red comb and wattles, a large, bright eye, and yellow 
beak, legs, and toes, place the picture before us in its entirety. The 
difference between the Barred and the Pea-comb Barred is that the 
latter has a small, firm, and even i)ea comb, instead of single comb. 

With the farmer or market poultryinan these birds are favorites, 
being of medium size, well proportioned, with a deep, full breast, and 
thus admirably adapted for market purposes. They are hardy, mature 
early, and make excellent broilers when from eight to twelve weeks 
old. They are good layers the year round, and in winter they lay 

‘From “Standard Varieties of Chickens,” by George E. Howard. Farmers* 
Bulletin No. 51, Bureau of Animal Industry, U. S, Department of Agriculture, 

vm. 
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exceptionally well. Their eggs are brown in color and average eight 
to a pound. They are good sitters and excellent mothers. 

The Barred Plymouth Bock, besides being a practical fowl, is also 
one of the most sought after by fanciers. No class is better filled at 
the average poultry show of the country than is this. Their graceful 
figure, upright carriage, and active natures endear them to all as a 
fancier’s fowl. There is a fascination in breeding them for plumage, 
the more regular and even their barring the better. It requires much 
skill to breed them for color, and two matings are generally used for 
breeding. A rule is established in mating for cockerels to use a 
standard-color male with medium-dark females, and for pullets to 
use light male and dark females. The double mating is resorted 
to by many, yet tho writer has seen rare specimens inoduced from 
single matings. 

The characteristics of tho Barred Plymouth Rock, excepting that 
of color, are noticeable in the other vaiicties of Plymouth Rock. 
The size, shape, general outline.s, and qualities are the same in the other 
varieties as in tho Barred. Tho Whito Plymouth Rock is imre white 
in plumage throughout, and the buif variety is a clear buff, uniform in 
shade e.vcept the tail, which is deep bull or coppcrish-yellow brown. 
Tho buff color should extend to the undercolor as much as ijossible; 
the deeper the belter. 

The standard weight of cocks is 9^ pounds; hens, 7i i)Ounds; eock- 
ereks, S i)ounds, and pullets, pounds. 

WYAXDOTTES. 

The Wyandotte (fig. 109) is .another of the general-purpose fowls, 
and is rated next to the PljTnouth Rock. From tho first it sprang 
into popular favor and has continued so to the present time. Its 
origin is comparatively recent, dating back less than twenty- five years. 
It came originally from the Dark Brahma, the Silver-.spangled Ham- 
burg, and the Breda, a French fowl. Not a few authorities say that 
Wyandottes have Cochin blood in them, from the fact that their 
ancestors produced .single combs and feathered legs. 

For general purposes the Wyandotte has proved a success, being of 
medium size, weighing on an average a pound less than the Plymouth 
Rock fowl, hardy of constitution, and a prolific layer. It is easily 
cared for and bears confinement well. For table purposes, it is of 
superior worth; its flesh is sweet, juicy, and tender, excellent for 
broiling and roasting. As a layer it is among the best, averaging 
from twelve to fourteen dozen eggs a year, and as a winter layer it does 
well under ordinary circumstances. 

There are five varieties of the Wyandotte breed, and it is entirely 
a matter of opinion as to which is the best. The general character- 
istics are tho same in them ali, the difference in color of plumage being 
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the only distinguishing mark. The Silver-laced Wyandotte is of a 
silvery-white plumage, with regularly-marked Avhite lacing on breast 
and a generous distribution of white and black throughout the entire 
body. The cock has a silver-white head, rose comb, silver hackle, 
with a black stripe down the center of each feather; silvery-white 
back; saddle same as hackle; breast black, with white center; tail 
black; wings half black and half white, or, rather, black edged with 
white; when wing is folded there should be a well-defined bar across 
the >ving; shanks and toes rich yellow, free from feathering/ The 
hen of the Silver-laced variety (fig. 110) is marked similarly to the 
male, excei^ting the back and wing, whicli are whiter in male than in 
fejnale. The breast of the female is of much importance in breeding 
good birds; the lacing should bo largo and distinct, and the witite 
centers of each feather free from black or brown i)enciling. 

The Golden Wyandotte is marked like the Silver, excepting that 
the color is goklcn-bay and black instead of white and black. The 
While variety is, i)ei*haios, the favorite of the Wyandotte class, from 
the fact that it is not so difficult to breed to feather, the plumage being 
pure wdiilc througliout. It is for this J-casou the more ijraclical fowl 
for the farmer, or those who raise imiiltry for market. The Buff 
Wyaiidolle is in color a rich, deep, edear buff, uniform in shade 
througlioul, except the tail, wdiich is of a deeper buff or copporisli- 
broiize color. The Blacks are of a rich, glossy black, with greenish 
slieeii, cxeeptiiig Ineast primaries, secondaries, tail and fiiifl^, wliich 
are pure black. 

'i'h(‘ standard weight of cocks is pounds; liens, 0^ pounds; cock- 
erels, 71 pounds, and pullets, 5i pounds. 

DOMIXU^UES. 

Similarity in plumago of the American Dominique and the Barred 
Plymouth Kock has lieen the cause of the former’s popularity. Its 
color is grayish-wliito, each feather regularly crossed with parallel 
bars of blue-black, producing the effect of a bluish-tinged i>lumage, 
the color being the same throughout. It has a rose comb, in Imth 
nuilo and female, and bright yellow legs. Those who are partial to 
the color of its plumago will find the Dominique a good bird to keep. 
It is a good layer, is hardy, matures early, and dresses well for the 
table. 

The standard w'(‘iglit of cocks is 8| pounds; hens, Oi jmunds; fH)ck- 
orels, 71 x>ounds, and pullets, pounds. 

JAVAS. 

This variety is the oldest of the American class, and at one time 
was considered the most profitable of all breeds. At present it is 
not raised extensively, the more modern or newer breeds having 
seemingly supplanted it. There is no reason why this should be so, 
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as it is a practical and good general-purpose fowL In size it is about 
like the Plymouth Rocks, but differs in general symmetry and appear^ 
ance. It is a good layer and does well in winter, and for table pur- 
poses it makes nice eating. Javas mature early, are good sitters and 
mothers, and are easily kept in confinement. 

There are three varieties of Javas: Black, Mottled, and White. 
The Black (fig. Ill) is more generally seen than the others, though 
the Mottled has of late years been very numerously represented at the 
shows. The plumage of the Blacks is glossy black throughout; the 
Mottled {fig. 112) is of broken black and white in wings, tail, and 
sickles, and the remainder of the plumage is evenly intermixed with 
white and black; the White Java is, as the name implies, pure white 
throughout. It has a small single comb, standing upright on the 
head in both male and female. The shanks and toes are free from 
feathers, yellow in color, with the bottom of feet yellow. 

The standard weight of cocks is 9| pounds; hens, 7^ pounds; cock- 
erels, 8 XK)unds, and pullets, 6^ pounds. 

BRAHMAS. 

The leading variety of the Asiatic class is the Light Brahma (fig. 113). 
This fowl has a history that would fill pages wore it re(*.orded. It 
is the fowl which causc^d the ‘‘hen fever” of the fifties, about which 
so much has been written in later years. Its early history is a mat- 
ter of controversy, the best authorities diffei’ing as to its origin. 

Brahmas were first known as “Brahma Pootras,” “Gray Shang- 
hais,” “Chittagongs,” “Cochin Chinas,” and what not. 'Bho early 
breeder named them according to his fancy for high sounding and 
sensational names to sell his stock. Fabulous prices were paid for 
them when the craze for fine poultry was at its height in the early 
days of the last half of the present centur>\ The standard of the 
present Brahma fowl was fixed in 1809, and no deviation from the 
type then adopted has been made. It has stood high in popular 
favor since then without abatement; the vast number of breeders who 
are raising it fully attest its worth as a practical bird to the industry. 
The Brahma is a characteristic fowl; it is unlike other varieties, and 
it should not be confounded in shape with the Cochin. 

The average Light Brahma male is in height 20 inches; back from 
the ground, 10 inches; keel from the ground, 8 inches; length of l>ody, 
front of breast to rear of fluff, 14 inches; height of tail, a trifle over 21 
inches; saddle hangers to rear of fluff, 2i inches; from eye to tip of 
beak, 2| inches; length of head and beak, 3} inches; breasts to rear of a 
drop line from point of beak, three-fourths to 1^ inches. As specimens 
depart from this proportion they become awkward and valueless as 
exhibition stock, and often also as egg producers. In shape, oblong, 
with full, broad, and round breast, carried well forward. The fullness 
and oblong shape is typical of the Brahma and is characteristic of 
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ppdiflc birds, Tlio curves of the neck and back are similar to those 

0t m egg. 

In plumage the inal(‘ is purc^ white, excepting hackle, tail, and flights, 
which are black, and while striped with bla(*k. Any other <*olor but 
white and bhu*.k is against the standard-bred bird. 'Jlie hackle is white, 
with a black stripe extending doM^ii the center of each b^atlun* and 
tapering to a point in^ar the extremity. The tail featlnn-H are black, 
and 8i<*kles are glossy greenish-black. The shanks are well featliered, 
with the featlHU’ing cxtcmding down the middle toe; the toe featluM*- 
iiig may be whit<‘ or white sprinkled with black, \vhit<» preferred. 
A small pea (*onib, broad <*rown, projects ov(‘r tlu' eyes; bright -nal 


wm 



Fi<i. Pair of Btirred Plymouth Kockh 

face, watth*s, and ear lobes lading essential to a gmal head. The shanks 
and toes an* bright ycllou. 

The brahma f<*male is iiundi like the male in head ([ualities, having 
broad <*omb, ])rojecting w(‘ll over the ey<*s, and small jiea comb. The 
head of the f<*male should be masculine in appearance, iudicaiing 
gn*Ht willjxiwcr. 1'hcliead isMhito; Imckle, white, strip(‘d with black, 
as in male; ca])e, white and black, but is completely covered by 
hackle when the bird stands erect; tail, black, ex(*epting the two high- 
est main tail feathers, which maybe edged with white; tail coverts, one 
or more rows, distinctly covering a part of botli sidtvs of tlie main tail, 
two being pref(*ral)hs are black, edged with wliite. 

The Light brahmas are valuable birds for the farm. Th<\v have 
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always been made to pay for t heir keep and have seldom been seiMMe 
by any who liave bred them. They are the largest of domestic poultry 
and do as well in confinement in small runs as on free range. As 
layers they will average froiri twelve to thirteen dozen eggs a year, and 
lay ex (‘optionally well in winter. Their eggs are large, almut- seven to 
a pound, of a rich brown color and excellent flavor. For table purjxises 



Fkj. 1(H).~Silver*lacftl Wyandottt^ cockorel 


the birds are good ; they do not mature as early as d(» the varieties of 
the American class, yet they are hardy, and can i)e raised with as 
much ease as any of the earlier- inatnriug varieties. As sitters and 
mothers they are fair. 

The Park Brahmas are not so popular as the Light, the difficulty 






SOME STANDAKD VARIETIES OF CHICKENS. 


451 


in breeding them true to feather. Tlioii’ delicatoly-marked 
plumage in extremely pretty when >)red to standard requii’ements, but 
if not so bred it l)eeomes most disagreeable and unsatisfactory to the 
breeder. The head and ne(5k of a Dark llrahma male are similar to 
those of the Light, the liead l)eing white and the hackles ratlun* more 
striped. The i)ack is nearly wliite, a little black appearing here and 
there. The black should ])redominate between the shoulders, but is 
nearly hidden by the hac^kle flowing ov<‘J’ it . The saddle feathers are, 
like the hackle, silvery-white, stripe<l with bhu^k, Mhich sliould be 
distinct. As the ft^athers approach the tail t he stripes bt^come broadtii* 
till they merge into the tail coverts, vvliich are ri(;h, glossy green-black, 
with a margin or lacing of white. The tail is pun* Idack, with green 
gloss. The wing eoverts are black, forming a dist inct bla(*k ])ar across 
the middle of the wings, while the ends of th<*se<*ondaries have a large 
bhwdt spot on them, mak- 
ing t he top edges of t he wing 
appear almost black. Tin* 
remainder of tin* second- 
aries are white on th<‘ lovv<*r 
half and black on t he u])per. 

The flights are all black, 
exee])t a narrow fring<* of 
white on the lower edge. 

'I'he breast is black ; tin* 
thighsand flntTcith(*r bla(‘k, 
or black, v<*ry slightly mot- 
tled with white. Tlie shank 
feat hering slion Id <*<irres- 
pond with the breast, beijig 
black if the latter be black, 
and slightly mottled with 
white if not. The shanks 
are deej) yellow, iindining ru?. no. -silver ]a(vd w^vandotte puiiot. 

to orange*. 

The color of f<»mah*s is a white ground, closely penciled with dark 
8t.eel-gray, ])roducing a beaut iful effeel, frosted orsilver-gray in appear- 
ance. Tln*re should he no show' of j)ure white in the plumage except 
in the margins of t In* ]uickh»s. U nless ext renie (*are be taken i n mat ing, 
the hens are likely to have a dingy color, and the i)ullets are apt to 
have necks almost white for some distance dow n. Thes(* light-necked 
birds generally breed to w^orse, but the evil may be remedi(‘d ])y choos- 
ing birds for ])rceding w hose heads are distinctly markccl. The shai>e 
and character of the markings of the Dark Drahma jiullets also vary. 
They sliould be medium sized, so that the peneilings can be (dearly dis- 
cerned at a short distance. A great point in regaixl to color and mark- 
ingin Brahmapullets is that they should be uniform over the bod}- , and 
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the hackles should be 8ilvery-whit»e, heavily striped with rich 
and the shank feathering penciled same as body. 

For practical purposes, the Dark Brahmas are not to be (commended 
as highly as the Tiight. The close breeding for points in feathers is 
likely to interfere with their jiroductivencss, yet Mdth proper atten- 
tion and care they (*an be bred profitably as well as for beauty. 




Fui. 111.- Pair of Bla<‘k Javaa 

"J'hc standard weight of Light Brahma cocks is 12 pounds; hens, 
pounds; cockertds, 10 pounds, and pullets, M poumis. Tlie standard 
weight of Dark Brahnia <*ocks is IJ pounds; hens, Si pounds; cock- 
erels, 0 pounds, and inillets, 7 ])ounds. 

(•(KmiNS. 

Tlu‘ four varieties of (V>ehins are very 
poj)ular with lireeders. are second 

tolhe Brahmas in the meat, breeds, weigh- 
ing but. a pound light.(»r t han the Light 
Brahma. Old and cxp(*rien(*cd breeders 
of Oochins are pronounced in praise of 
their qualities as profitable fowls. They 
ar<5 hardy, good winter layers of rich, 
brown, mediinn-siz<Hl eggs, and fairly 
good tal)le fowls. The chicks grow well 

Fio. 112. - Mutilod JavH hen. _ , , 

and develop rapidly under proper care. 

The Buff variety (fiR. H4) am the most generally bred; their soft, 
mellow, buff tone offin-s an attraction to fanciers that is hard to 
resist. In color the Buff Cochin, male and female, is of a rich, deep, 
clear buff, uniform in shade throughout except the tail, which should 
be a deeper buff or copperish-bronze, undercolor same as surface color. 
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blit of lighter shade, and sliould extend to the skin. In breeding, 
select females as near as possible to the desired Hhad(^ of buff, as free 
fmin dark or white in wing and tail and of as even a c*.ol()r as can be. 
To such females mate a cock of deeper shade, with some little Idack 
in wing and tail of deep buff of a coppery luster. This mating will 
produce good results Iti cockerels and i)ullet8. 'J'he heavy leg and 
foot feathering so charact<u*istic of the breed should have constant 
care and attention. While the feathering should be abundant, all 
semblance to vulture hock or stiff feathering should be avoided. 

The l^artridge Cochin is a l)eautiful yet difficult fowl to breed, aiul 



Fi<; 113 Pair of Lijrht Bruhinjis 

in plumage is much after the pattern of the Dark Brahma, the color 
l>eing red and brown, instt^ad of the steel-gray effect of tlu‘ latter. 
The head of mah‘ is in (*olor bright red; haekh^ bright red or orange 
red, with a distin(*t bla(*k stripe down the eente,!* of eaeh feather; sad- 
dle feathers, same as ha<‘kle; breast and body, rich dt^ep black; wing 
bows, red; prinuiritvs, black on inside web, with a bay edging on the 
outside web; secondaric's, black on the inside web and rich bay on 
the outside web, terminating with gre<uiish-bla<*k at the end of <^Hch 
feather; wing coverts, gre<*nish-black, forming a well-dtitined bar of 
that color across the wing when folded; tail, bhu‘k; sickles, (diverts. 
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and lesser coverts, glossy greenish-black; the latter may be edged isilti 
red; thighs, black; shanks, yellow and well covered with black W 
brownish feathers, the middle toes being also veil feathered. 

The female is the prettier of the two. Her head is small and of a 
rich-brown plumage, with a stout, well-curved beak, yellow in color. 
Her eyes are bay and mild in expression. The head is ornamented 
with a small single comb, set perfectly straight innm the luwl and 
bright red in color. The Avattles ar<^ small, w(dl rounded, and tine in 
texture; the ear lobes are well developed and are also line in texture. 

The ueek is neatly curvt^d, with abnndant haekle flowing well over 
the shouldi^rs. 'Fhe plumage is bright red or orange nnl, with a broad 
black stri])e down the middles of each feather. '^Fhe black stripe in a 
gocxl feather should run to a point near tlie end of tln^ feather. This 



Fl(? 114. Pair of Buff Cochins 

stripe should be free from penciling, but the standard permits a slight 
lienciling of the black.’ 

A good back and cushion help to make the bird. Her back should l>e 
broad and flat, the broader the b<d.t(»r, and the cushion sliould rise with 
a gentle convex curve and partially cov<m* the tail. 'Jdie plumage of 
back and (uishion is a reddish-brown in color. Kach feat her is jicnciled 
with a darker brown ; the outlines of t he penciling conform to t he sliape 
of the feather. The breast is one of the most imfiortant points of a 
good hen, and should be broad and massive^. The plumage is of the 
same reddish-brown color as the back. Th(i penciling on the iireast is 
perhaps a little more distinct and open t han on the back ; the outlines of 
the penciling should be sharp and conform to the shape of the feather. 
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flOie body is broad and d«ep behind and of t he same plumage as the 
hfliast. The fluff is very abundant, covering the i^osterior portion of 
the bird and standing out about the thighs. Wings are small and the 
primaries fold closely under the secondaries; the bows are covered 
by the breast feathers and tlie fluff (jonceals the point s. The primaries 
ai*e very dark brown or blackish-brown in color; the inner web of the 
secondaries is a blackish-brown, and the outer web is a blackish -brown 
penciled with a lighter brown. I'he covin-ts a!*e similar in color and 
penciling to the pliiniago of the breast. 

Tlie tail is small and short, is carrie<l almost horizontally, and is 
paHly concealed by the eiishion. In ef)Ior it is blaek, except the two 
main tail feathers, whi(*h ar<» penciled. The tail eovertsare i)eneiled 



fKj ll.'i - Pair Blaok I^uiiKsIiuiis 


same as breast and body. Thighs aix^ large and w(*ll covered Avith soft 
feathers; the b^atliers on the lower part eurve inward around the hoek 
and hide the joint, on the outside. The featliering of the thighs is of 
;he same shade and color as that of the body. Shanks are short and 
yellow and lieavily cov(n*ed with feathers of same color as thighs. 
The toes are well sj)rca<l and yellow in eolor, the oiitcn* and middle toes 
lieiiig feathered throughout, their entire length. 

Black Cochins are much more easily raised than are either of the 
varieties thus far desiu-ibed. Being of one color, the care bestowed in 
breeding party-colored or penciled birds is not necessary, and the time 
may be spent in furtheilng their general utility in egg production. A 



LAN(;SHANS. 

The Lan^^shan is the smallest and most aelive of the Asiatic class. 
It is a practical fowl in more senses than one, and its prolific laying 
and excellent qualities make it a ])rofitable fowl for the fanner and 
market poultryman. It is one of the oldest breeds of j)oultry and 
has always been held in popular esteem. "J'he shape of the Lang- 
shan is distinct from that of the Brahma or (lochin, and should 
not be confused with either of the last-named breeds. Fig. 115 
shows the accepted contour of the Langshan, and a comparison with 
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illustrated by figs. 113 and 114 siiows at a glance the char- 
of the Langshan as compared with the other Asiatics. 
Langriyuts have white flesh and dark legs, while tlie others are. yellow 
sklmted iwitl yellow legged. The flesh of the Langshan is excellent, 
being 11^ grained, tender, and good flavon^d. As lay<n*s these birds 
mtik &mmtg the best, averaging from twelve i-o thirteen <lozen eggs a 
year, and m winter layers they are to be 
recommended. The chicks are hardy 
and mature early. Langshans are gocxl 
sitters and mothers, being of genth^ dis- 
position; they are easily kept eitiier in 
confinement or on free range. Being 
excellent l^^gers, they arc ideal fowls 
for the fatl^ and will gather during the 
year a ccaoWlderable proportion of their 
food. 

The Langshan is a stylish, medium- 
sized bmi, mi overgrown or gawky in Single-comb 

, Brown Lcjfhorn bon. 

appearance, of active natun^, and lively 

disposition. ]Many confound the Bla<*k Ijangshan with the Bla(*k 
Cochin. This lU'ed not be, as the following eoniparison between the 
two varietii^: shows: The Black Co<*hin issipiare in shape, withln^avy- 
l<K>king neiife"and legs, plenty of fluff aiul leg f(‘atliering, cushion ris- 
ing from misStflle of back to tail; tail short, small, and almost concealed 

by (Hishion; lu^ck, breast, (Uishion, 
and tail all represented by (‘onvox 
lines. T..angsiian, head small for 
size of body, comb medium sized, 
\\ell up in front, and arcli shaped. 
Cochin, head larger than that of 
the I.angshaii and not so arched 
ov(‘r tile eye; comb smaller, low 
in front, and almost straiglif on 
top of serrations. Langshan, back 
short and (‘oncave; that of the 
Lo(*liin inedinm length, slightly 
convex, and large (*on vex cushion. 
l.,angslian, fluff moderate and 
close; that of the<^)chiii extreme- 
Iv full and loose. Laiigslian, 

Fio. IW-IfalMi ot SmKl«.omb Brown L««- s(.llHnvhat inclined 

imrn cwk. ^ 

downward, (inito prominent at 

shoulders; the Cochin wings smaller and almost hidden by the fluffy 
plumage of cusliion and fluff. Langshan, breast full, deep, and car- 
ried well forward; Oo<*hin, breast not so full and deep, but broader. 
Langshan, legs medium in length, small bone, long tapering toes, 





,458 YEARBOOK OF THE U. 8, DEPARTMENT OF AOBICUD*ML 


color of shank bluish-black, showing pink between scales, 
nearly black; Cochin, legs shorter, st^outer, larger bone, toes shOfl^r 
and stouter, color of shanks black or yellowish-black. . 

There are two varieties of Langshans: the Black and the White. 
The Black in plumage of neck, back, saddle, sickles, a glossy metallic 
black, with greenish sheen; breast, primaries, secondaries, tail, fluff, 
shank, and toe feathers, blai^k. Tlie undei^ciolor is black or dark 
slate. The White Langshan is pure white throughout. 

The standard weight of (‘ 0 (^ks for both varieties is 10 pounds; hens, 
7 pounds; cockerels; 8 pounds, and pullets, 0 p<mnds. 


l^EGHOKNS. 


Leghorns are the best known of tin' egg-producing varieties or Medi- 
terranean class. They are t In^ ptnuniers in laying ami the standard by 

• which the prolili(*acy of other lireeds 
is judged. As to the origin of the 
L('ghoru fowl, tlnu’o are differences 
of oiiinion, and there to but little in- 
formation to be found anywhere con- 
cerning its (^arly history. It is geii- 
('rally conceded that a ra<ie of fowls 
bearing a close resemblance in many 
r(‘spects U> the Leglioin has existed 
in Italy and other parts of the (Vni- 
tinent of Europe for a long period. 
Thai this race of fowls has been 
widely disseminated admits also of 
little doubt, inasmuch as at the pres- 
ent day the brtHMl is known in Den- 
mark and other countries as the 
Italian. Thej*e seems to be good 
ground for the statement that Leg- 
horns were first introduced into 
America from Italy. The story goes that as early as 18B4 a vessel 
from Leghorn, Italy, brought to this country as a part of its cargo a 
small shipment of fowls, wiiich were at once named “Leghorns.” 
They innriediately becaim^ popular, their prolific laying and nonsitting 
qualities being recognized at this early date. 

White and Brown Leghoj iis were the first varieties known. Modem 
breeders are resxM)nsible for some of the subvarieties of the breed, and, 
ill point of color at least, exliibition birds of to-day, even of the older 
varieties, vaiy considerably from those seen at the present time in Italy. 

The Leghorn fowl holds the same place among poultry that the 
Jersey holds among catth^. The quest ion of profit in poultry has been 
decided in favor of egg-producing breeds. Leghorns are lively, active, 



Flu. 119.— Host* fomb W^liitt* LegbfU'ii 
erel 
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of A restless disiwsition, the best of foragers, and will liick up a 
good part of their living during the year. They are light eaters 
and the eost of raising them to maturily is about one-half that of the 
Asiatic varieties. The5* mature early, feather (juiekly, the pullets 
often begin laying when 4 months old, and fwkerels crow at the same 
age. They are the Itcst layers, averaging between 15(i and 2(K) eggs 



Fi<i 1*21). Black Mint>rca ctK‘ki;reI 


por year. Their eg;i^s are pure white in (H)lor, and weigli about ten to 
the jiouud. As table fowls tfiey are fairly good. Hy niaii.N' they are 
considered ex(^ellent. The only thing that can be said against them 
is that they are small in size. Altogether, they are one of the most 
profitable breeds of iM)ult.ry that ean be kept upon the farm, and the 
cheapness of their keej)ingwill allow the raising of two Leghoi ns for 
the cost of one Asiatic. I'he}’ must be warndy housed in winter to 
lay well and to pindect their iKuidulous wattles from frostbite. 
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In shape a Leg:honi e()<»k (%. 1D») should bo graceful; bodf,’»o®aftd 
and plump, broad at the shoulders, and 1a|)ei*ing toward the 1?|lo 
tail should be well balaiH*ed on a fair length of shank and tike 

length of leg giving th(‘ bird its sprighth^ ami i)roud earriaige. Cleae* 
ness of feathering adds to the general shape and secures A freedom 
from angles whi(»h always i)roclaims tlu‘ pur<‘ bred, typical specimen. 
The breast should b(» full, Ix^aiitifiilly curved, rather prominent, and 
(‘arried well forward. Nock, long, well ar<*lie<l, and <*Hrried erect; 
back, of medium length, with sad<lle rising in a shar[), cotie4i-ve sw^eep 
to the tail; tail, large, full, carried upright; the full, flowing tail, 
and long, welJ-cur\e<l sickles are characderisl ics of 1h(‘ binl that are 
much thought of. Tln^ wing is long, well folded, and t ightly carried. 



FUi Pair of Wbjto fm <l Bltw k Spanish 


Hackle and saddle feallKUN, long and abundant and flow injt well over 
the shoiildcu* and saddle Tin* legs are ))nght ,>ellow ami free from 
feathers; to(»s also \ellow, but a dark shade is allowabh*. Tlie head 
is th<* x)rettiest X)ortion of tlie bird, being short ami deep, yellow^ l^cak, 
full, bright-red eyes, and bright-ied fae<» The eoinb is single, of me- 
dium size, i)erfe(*tly straight and upright u])onthe head, fn^e Ciroin side 
sprigs, deojdy serrated with five or six points, and bright red in color. 
The eoinb should extend well l)aek over the head, with no tendency 
to follow the shape of the neek. Ear lobes white, or creamy white. 

The Leghorn hen in many respects r(*seinbh\s the eoek, exioepting 
carriage of comb and sexual ditter(Mic(‘s. In sluiiio and («amage the 
hen is even more gracetul and sprightly than the eoek, verydlose in 
feather, and rather small in body, though somewhat long in 
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Her breast is full, very rouiul, and carried high; legs fairly long, and 
^anks thin; tail (tarried closely and well up. Tlu^ general carriage 
should 1)6 upright. Her comb is tlie marvel of luu' ]>eauty ; it. is single 
and falls gracefully to one side, but not in a liinp mann<T, oi* so as to 
obscure the sight. Fig. 117 shows an ideal comb ef Leghorn female. 
Legs, <H>mb, and face are the same color as in the mal<s but tin* ear 
lobe is much smaller. 

There are six standard variet ies of Legliorn: lllack, JJrown, Biitf, 
Dominique, Silver Duckwing, ainl Whitt*. 

The Black Ii(.*glK»rn is a popular bird, and a favorib^ with those who 
are partial to its color of iiluniagt*. 'Phe Black L(*ghorn is mistaken 
by many for tluj Black ^Minorca, but is <[uil(* dilT(*rcnt in type. The 
Minorca is larg(*r in sizt*, has a long(*i body, larg<‘r comb, ami dark 



Pn; 1?.* I*air (»f Sjlvcr-Hiwin^lod Hauiburifs 


slate or nearly black shanks ami to<*s. ddie plumage of tin* Black 
Leghorn is a rich glossy black throughout, ('onib, fact*, and wattles, 
bright, red; eai* lobt's white; ami shanks yellow , or y(*llow isli-black. 

The BroAvn Leghorns (lig. I is) art* among the prettiest as well as the 
most commonly brt*d of tin* Lt*ghorn varit*ties. They art* the most 
difficult of all to l)re(*d to featlicr. They have merited tln^ confidence 
of iKUiltry lovt»rs for a long time ami th<‘ir hardy constitutions have 
thwarted rtnigh usage and prtnniscuoiis iulerbreediiig to efface tlieir 
tdiaracteristics. '^rht*y are a fixt*tl bretal, and their merits are notice- 
able from tin* iiewdy-hatched t*liick It) the t)hlt*st spt*ciinen; they are 
stamped with the indelible marks t)f royalty tt) bt*i found only in a 
thoroughbred. 

In mating Brt)w n Leght)rns opposit.es must, bt^ t*onsitlert*tl. Should 
the male be fine in all points except et)inb or leg, seletd. females strong 
in this point to mate with liim. Tht> nn)st successful breeders use 
a double mating, one pen to produce exhibit it)u birds t)f eat*h sex. 
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Fine birds, both cockerels and pullets, can be l)red from the same 
by using slightly different types of females. The same male oftcii 
will breed the finest of l>oth exhibition cockerels and pullets, but it fS 
a rare case to have a female breed both sexes of a remarkable qnality. 
When two pens are used, at the head of the pen mated to produce the 
cockerels pla<;e a fully dcn^eloped cock with no senous fault, standai^ 
color, especially strong in comb, lobe, hac^kle, and saddle, a dark 
undercolor preferred. To him mate hens of a shad(^ darker than 
standard, with small, evenly serrated, standing combs; a trifle brick 
color on wings is no objection, as it will giN C a ])righter color on wing 
bows of the cockerels. Shafting on the back will also helj) the black 
stripe in the saddles. The pullets raised from this pen will 1)0 too 
dark for exhibition, but they will be a great help in breeding cock- 
erels the next season. The male at. th(‘ lu^ad of iho pen mated to 
I)roduce the pullets should be frcun a ])ull(*t strain, and lired directly 
from an exhibition hen. His color is a trifle light; <*oinb large, but 
evenly serrated; if thin near the top, all the better; Imckle well 

st riped, Imt none in 
saddl(‘: undercolor 
of ]ia(*kle and^gad- 
dU^ may be light 
grayor white; wing 
l)ovvs sliould show 
more ])nrph’t than 
red, as too much 
r(‘d shows signs of 
being l)re4 from a 
bri<‘kylnnu, To him 
mate exhibition fe- 
mah‘s having light 
brown penciled 
with darker brown 
on ba(*k and wings, 
all one shade, free from shafting on ba(*k and bii(*k on wings. These 
hens should have the large comb, lying over, but firm ami strong on 
the head, so as not to lie el(»se to the eye ami fa(*e. The, (*ockerete 
raised from this mat ing are the birds to us(‘ for ]>reeding females the 
next year. Hy breeding Brown Leghorns in this manner we have two 
distinct lines of blood, and they should never be crossed. 

The Buff Leghorn is the most reoent. acquisition to the Mediter- 
ranean class- It is a la^aut iful bird, and one that, will win its way 
wherever bred. Ibiff-eolored birds have many admirers, and those 
who have 1u*ed them are most pronounced in praise of their qualities. 
Besides having the general characteristics of the Leghorn type, the 
Buff Leghorn cock has rich buff-colored hackle and saddle, in shade 
from lemon to cinnamon, but of even solid color in keeping with the 
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iwt of tho pluinaj?e; (lie back and tlio wing lx)w exactly match tlie 
plumage; tail is of (he same goneml tint, but rielicM*, deeper buff is 
preferable, the standard giving for tail a ricli, deep buff or (‘opperish- 
bronze. The remainder of (he plumage is of a slightly lighter shade, 
buteven in (M)lor throughout, with no semblance to a patchy or mottled 
plumage. White and black fcatliers in })lumage ar<‘ obje<*tionable; 
solid white or solid black feathers will disqualify the ])ird. Tlie hen 
is of the same color as the (*ock. 

Dominique liCghorus an* not so generally known. Their color is 
much like tliat of the American T)omini(|ue and Barred Plymouth 
Rock, and is what is known as “Cuckoo” b> English br(*(*ders. The 
b«Kly color isgra> ish-xsliite, ea<*h f(*atln‘r r<*gularlv <*rossed \s ith paralh*! 
bars of blue-bla(*k, ])rodiu*ing the eff<‘ct of a bluish-tiug<*d plumage. 
This <*olor is the same 
t h r o u ghoul. 'Phe 
ground color of <*a<*h 
feather is a <*lea!% light, 
bluish -gray. The 
shanks and toes are 
bright yellow and (‘.\es 
bright red. 

Silver Duckwing Leg- 
horns arc not g(*n(*rally 
bred in this count rs, 
though tlH*\ are fre- 
quently seen in tin* 
show-rooms. They an* 
considered as ])roti table 
asany of tin* other fx*g- 
horn \arieti<*s, and in 
point of Imaiity they are 
very interesting and 
fascinating. Tln*,v taki* 
the name ‘‘T)uck\> ing” from tin* similarity of (he s1e<‘l-blue wing bar 
to that of the Mallard, or Wihl, l)u<*k, the nann* lM*ing tirst gi\en to 
a variety of games — the Sil\<*r Duek>Mng (lames. The ha(*kle and 
SHd<lle feat hoi’s of a Sih<*r DuekvNing Leghorn eoek an* pun* silv(*r\- 
white, without the slightest straw or eream\ tinge, with a uarrou 
black strijK* along the (*ciitcr of the low(‘r hackle feathers. Ba<*k, 
saddle, wing bow, and wing bay, pun* white; bn*ast, undcrparls. wing 
bar, and tail dense lustrous bla<*k. The Silver l)in*k\\iiig Leghorn 
hen has a sihery-gray ha<*klc, witli a narrow bla(*k stripe through 
the (ienter of each ft*ather. The breast is light *-almon, shading off 
U) gray toward the sides; the body color wh(*n \ i(*we(l at a short dis- 
tance should appear gray, with a faint bluish tint all ov(*r. Tendeuey 
to ruddy gray, either in ground color or penciling, is objectionable. 
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The tail is black or dark brown, except the two upper feathers, whkii 
are ^?ray. The peiicilinK^^ or markings are irregular or wavy. 

TJie White Leghorn, like the Brown, is one of the most generally 
bred of tlie Leghorn varieth^s. It is, no doubt-, th<i most advantageous 
variety to breed for ])rofit and the easiest- to raise on the farm. Being 
of oiu^ (»olor in plinnag(s these birds are more successful ly raised and 
cared for than the party-<M)lored vari(*ties. Tluur plumage is pure 
white throughout, and bvitliers other than white will disqualify them. 
It has ])een a inatt<n' ot* much speculation as to which vari<dy of Leg- 
horns is most prolilic* in (‘gg prodind-ioii. This is a dinieult <juestion 
to ]»ro]»(M*ly a<ljust to 11n‘ satisfaction of the specialty Imnshu’s, but 

fioni a conservat ive 
st andpoi nt it is gen- 
era lly (‘onsidered 
that tin* Whit(ss 
hav<^ slightly the 
ad vantag<‘ over the 
otlnu’s. Phenome- 
na] ijidividual egg 
re(*ords hav<^ been 
mad(‘ by almost all 
lli<‘ vari(Mi<‘s, but 
tlM‘ oj)inion here 
is based 
on geiKM'al results 
o])lai7i<‘d from vari- 
ous sources. 

Tluu’e are subva- 
rieties in Brown 
and Whit(‘ Leg- 
horns — the liose- 
coml) Brown and 
th(‘ K os e- CO mb 
White. Tiie only 
distinguishing ditfenuK'c between tlie last-named ami the other varie- 
ti<‘s is in tlu‘ (‘omb. 1'he Hose-comb White and Iiose-(‘omb Brown 
Leghorns have a small ros(‘ comb (see fig. llh), sipiare in front, firm 
and even upon lln‘ hea<l, tapering evenly from front t-o rear, without 
inclining to one side, the to[) comparatively fiat, and covered with 
small ])oints or <*orrugatioJis, terminating in a well-d(‘veloped spike in 
the i*ear. Therc^ is no standard weight given for I.(‘ghorn8. 

MINORCAS. 

The Minorcas (fig. liiO) Ixdong to the Mediterranean class, and are 
placed next f.o la^ghorns in laying qualit ies. They are in ai)pearance 
very similar to the Leghorns. Their general outline is, in fact, that 



Fi<i VSt.- BIno Aiulaluhian lien 


SOME STANBABD VAEIETIES OF OHICKEN8. 


465 


of the latter, but they have greater length of body and are heavier in 
mold. Indeed, they are the only variety of the Mediterranean class 
that has a given weight which approaches that of the Wyandotte, 
being only one-half pound lighter than the last named. The origin 
of the Minorcas, like that of so many others of our profitable iK)ultry, 
is much in doubt. Some are of the opinion that they originally came 
from Minorca, one of the Balearic Isles in the Mediterranean Sea, 
while others contend they are a variety of the Black Spanisli. Be 
that as it may, they are one of the most profitable breeds of i)oultry 
for the farm that is known. 

For table i)urpo8e8 they are good, the flesh being white or light* col- 
ored, and fine grained. Their chief value, however, is as egg pro- 
ducers. They are nonsitters and year-around layers. As winter 
layers they are exceptionally good when kei)t under fairly favorable 
cinniinstances. While the Leghorn surpasses them in the number of 
eggs laid, the Minorca’s eggs are larger, and equal the output in bulk. 
Tlieir eggs are white, and average eight to the pound. They lay 
from twelve to fifteen dozen a year. For farm pnri)cje8 they arc espe- 
cially profitable. Being of an active, restless disposition, they keep in 
splendid condition and make good foragers. For suburban poultry 
keeping they are very practical birds and net good results to the 
keei)er. They are hardy, easily raised, and mature quickly. 

The Minorca fowl is large in outline, well bodied, stands well up on 
its legs, has a broad chest, and a long, flat back, with tail carried 
upright. Many breeders dispute as to the carriage of the tail. The 
standard says “upright,” while the preference is almost universally 
made hy brooders that it should bo carried “well back.” The upright 
position gives the tail the Leghorn type (see fig. llfl), while the typical 
Minorca differs somewhat from it by being more horizontal, as shown in 
fig. 120. The body of the Minorca male is long, square in front, taper- 
ing from front to rear. When standing erect, the body of male is at an 
angle of nearly forty-five degrees. Thighs are stout; shanks, medium 
in length, stout in bone, and in color dark slate or nearly black; comb, 
single, large, perfectly straight and upright, evenly serrated, and 
extending well over back of head. The comb of tlie Minorca is larger 
and more bulky than that of the Leghorn. Wattles are thin and 
pendulous, corresponding with size of comb; ear lobes, pure white. 
The female is in body of the same general appearance as the male, 
rather long, broad, and deep. Her comb is single, large, and drooping 
to one side; like comb of male, her comb is perceptibly larger than that 
of the Leghorn female. Black Minorcas are in plumage a rich, glossy 
black throughout, and gray tips are considered serious defects. The 
White Minorca is as popular as the Black, and takes the same position 
as does the White Leghorn in its class. The choice is only that of 
color; the other qualities are equal as to profitableness between the 
12 a96 30 
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two varieties. The standard qualifications are equal for the two 
except in color, and that must bo pure white throughout, feathers other 
than white disqualifying. The comb, face, and \vatUes are bright red, 
free from white in face; eyes are dark hazel or red. 

Before leaving Minorcas it is worthy’’ of note that the latest acqui- 
sition to the Minorca breed is the Rose-comb Black Minorca. The only 
objection that has ever been raised against the varieties of the Mediter- 
ranean class is their susceptibility to frostbite of the comb. Their 
combs are so large that continued cold or exi)osure is sure to result in 
this injury. To ol)Yiate this one defect, if it may bo so termed, in 
this valuable class of birds, it has been the aim of breeders to produce 
a bird possessing the other qualifications, but with low rose comb. 
There «are two varieties of Rose-comb Leghorns (the Black and the 
White) and there is tlio Rose-comb Black Minorca. The latter is not 
a siaiidard variety as yet, but indications point to its admission as 
such in the near future. Many good speeiinotis have been bred and 
exliibited at the recent sliows, and success in making this new fowl 
seems assured. The liead of the Rose-comb Black Minorca male 
should be medium in length; beak, stout and black; eyes, dark red; 
face, smooth and red; comb, rose, straight, and set close and oven on 
the head. In size tJio comb should be between t hat of the Wyandotte 
and llio Leghorn; wattles, medium in length and not so large as in 
single-comb variety; ear lobes, pure white, large, smooth, and almond- 
shaped. The lioad of the female is similar to that of the male — me- 
dium ill size; face, red; comb, small and even on the head; wattles, 
medium in size, thin, and bright red; ear lobes, pure white, large, 
and even. 

The standard w eight of a Sliiiorca cock is 8 jiGunds; hen, 04 pounds; 
cockerel, 0^ pounds, and pullet, 5^ iiuunds. 

ULACK SPANISH. 

The Black Spani.sli (fig. 121) is one of the oldest varieties of domestic 
poultry. Its name has been identified with the industry for hun- 
dreds of j^eara, and its practical value on the farm has long been 
recognized. Its haughty bearing, large red comb and wattles, and 
the white face and lobes peculiar to the breed, contrasting with its 
glossy-black plumage, render it a most striking fowl. 

Wliite-faced Black Spanish have long been favorably known for 
their exceptionally fine laying qualities. The oldest of the nonsit- 
ting varieties, they still maintain an unsurpassed record. The pul- 
lets are early layers, averaging 150 to 180 eggs per year, the hens 
beginning somewhat later after molting, but compensating for any 
loss of quantity by the increased size of the egg, wiile hens and pul- 
lets alike are above the average for winter laying. Their eggs are large 
and white and of good flavor. The bird’s w^hite face is a distinguish* 
ing feature, and should bo long, smooth, free from wrinkles, rising well 
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over tho eyes hi an arched form, exleiidiiig toward the back of the 
h<?ad and to the base of the beak, covering the cheeks and joining 
the wattles and ear lol>os, tho greater tho depth of surface the better, 
and should bo pure white in color. The color of i>lumage throughout 
is rich, glossy black, and any gray in plumage is considered a serious 
defect. Shanks and toes are blue, or dark leaden-blue. Comb is sin- 
gle and bright rod in color; wattles, bright red, except the inside of 
the upper jiart, which is white; ear lobes, pure white. 

No standard weight is given for Black Spanish; they equal in size 
tho Leghorn and Andalusian. 

IIAMBUKGS. 

llauiburgs (tig. Ji?2) are in the front rank of egg i^roducers, and are 
in general appearance much like Leghorns. There are six varieties 
of Ilamburgs: The Golden-spangled, Silver-spangled, Goldeii-pcn- 
eilod, Silvx‘i*-ponciled, Black, and White. They are all verj^ pretty 
bii'ds and s(}ldom fail U) x^rove attractive and profitable to the average 
bro(Mler and fancier. Ilamburgs are economical fowls to keep; besides 
being light eaters and great foragers, they are prolific layers and mm- 
sitt(‘r8. 'flic only thing against them is the smallness of their eggs. 
Th(‘y lay wliite-shelled egg, but smaller in size than tliose of 

tlic Leghorn. There arc some wliich lay larger eggs than others, and 
by (*ar<dul si'lection from year to yQiXv of tlio birds which lay the 
lurg( st eggs this defe(*t may be remedied and the size of the eggs 
imx)rov(Hl. 

Tlio Silver-spangled Hamburg is, iierhaps, the most beauliful as well 
as the most x>upular variety of the Ilamburgs. Its ])roxid carriage, 
royal decoration, and graceful and syinmotrical form command atten- 
tion wherever seen. I>r<»oders of Ilambin*gs universally adox)t the 
follov, ing as a standard for the breed: Comb .square at front, tai>ering 
nicely into a long si)ike, full of points b}^ no means plain, firmly and 
evenly set on the head; face, red; ear lobes, moderate size, round as 
ims.sible, and cleai* white; legs, leaden-blue; carriage, graceful; x>bim- 
age, very jirofuse. Cocks — Silver-sxiangled: Color, clear, silvery- 
wliite gi'ouml, every feather tipped or siiangled, tho breast as bold as 
po.ssible, but showing the spangle, the bars of the wing regular and 
lK)Id; neck, back, and saddle nicely tix>i)ed; bow well marked (by no 
means cloudy, brown, or brassy); back as green as i^ossible. Golden- 
spangled : Color very black and rich, the back glossy green; tho neck, 
back, and saddle nicely strixied; bow of wing well marked. Hens — 
Silver-sxiangled: The wliite clear and silvery; the sx)angles large, 
green as x>ossible, distinct, and clear. Qolden-sxuingled : Ground, 
rich; clear sxmngles, large and distinct. 

Tlie feather markings of the penciled varieties ditler greatly from 
those of the spangled ; the latter being commonly called “moon-eyed” 
from the round or oval appearance of the spangles, while the mark- 
ings of the [lenciled varieties are in iiarallel bars of reddish-bay or 
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or clear silvery-white and black, as the case may be. White 
and Black Hambiirgs are solid white or solid black in plumage. 

No standard weight is given for Haiiiburgs. 

HOUDANS. 

The three varieties of poultry in the French group are the Iloudans, 
Crevecceurs, and La FJeche. Of these, the Iloiidans (fig. 123) are con- 
ceded to be the most popular and profitable, being bred to a great 
extent throughout tlie entire country. They are hardy and prolific 
lawyers of large, white eggs. For table purposes they are among the 
liest fowls. They have small bones and the fiesh is tender and deli- 
cious. The chicks are sprightly, active, and feather rajiidly. They 
are noiisitters and light feeders; likti the Tjeghorns, they may be fed 
at a small cost as comjiared with some of the larger breeds. They 
are of medium siz^^d and of a mot.tled- white ])liimage, blaeJc and white 
intermixed, the black slightly predominating; wing bars and second- 
aries, black; primaries, black and white intermixed, lloudansarea 
crested variety, having a leaf comb, shaped somewhat like the letter 
V, which rests against the crest; crest of cock is large, w(dl fitted upon 
the croAvn of the head, falling batik ward upon the neck, and com- 
posed of feathers similar in shape and texture to those of the hackle. 
The crest of the female is large, c^mipact, and regular, inclining back- 
ward in an unbroken mass. A iieculiarity of the breed is their hav- 
ing five toes, like the Dorkings; shanks and toes are of a pinkish-white 
color. 

The standard weight of cocks is 7 pounds; hens, 0 pounds; cockerels, 
6 potinds, and pullets, 5 pounds. 

DORKINUS- 

This English fowl is one which may be considered an ideal bird for 
general x)Uj*poses. It is a hardy fowl and can stand almost any amount 
of cold weather, providing the ground is not damp. This is i)roved by 
the fact that it does well in the northern part of Scotland and in the 
exti’eme north of Ireland, among the Cumberland Hills, and in other 
places equally cold and exi)osed. It should bo remembered by all 
who conteuiplate raising it, that the soil must not be damp if success 
is to h(^ expected with it. The Dorking (fig. 124) is one of the oldest 
of domestic fowls, if not the oldest. There are no definite records to 
show when it first lived in England, or whence it came, but the sup- 
position is that it was carried to England by the Romans, who appear 
to have possessed fowls of similar characteristics. 

The chief distinctive mark of the breed is the presence of a fifth or 
supernumerary toe, springing behind, a little above the foot and below 
the spur. It has been sought by various writers to deprive Dorking 
of the honor of being the original and principal rearing place of this 
justly celebrated variety, and it is asserted that the true Dorking 
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fowls are raised at Ilorsliam, Cuckfiekl, and other places in the Weald 
of Surrey, and that the ancient and superior white fowls from Dorking 
arc a degenerate race compared with the imi)roved Sussex breed. 
The feature in which this bird is most popular is its table qualities. 
The flesh is white and very delicate in texture. It is claimed by 
many to equal if not excel the French varieties. The broad, deep, 
and projecting breast of the Dorking admirably fits it for table pur- 
poses, and in this respect it is con<teded by some to bo the lival of the 
Indian Games. As layers the Dorkings are good, and are careful 
sitters and attentive mothers. In short, thej" are splendid fowls for 
the practical purposes of tln^ farm. 

There are throe varieties of Dorkings: the White, Silver Gray, and 
Colored. The White Dorking is really tlio purest blooded of the three, 
as for years this was the only variety which invariably X)rodu(H*d the 
fifth too, although the Ooloi‘ed and Silver Gray varieties seldom fail to 
breed this pe<uiliarity. In (»olor tlui White Dorking is of clear, unblem- 
ished, glo.ssy white. The comb and wattles are a bright-scarlet red; 
the legs are either white or a delicate flesh color. 

Silver Gray Dorkings are beautiful in p!umag<\ The head of the 
cock is silvt^ry-wiiilo; hackle, pure silvery-white, free from stripes; 
comb, face, ear lobes, and wattles, bright red ; beak, lioni color or white ; 
eye, orange; breast, thigh, and under i)arts, black; back, shoulder 
coverts, saddle, and wing bow, pure silvery-white; coverts, greenish- 
black; primaries, black, edged with white; secondaries, i)art of outer 
web forjiiing wing bay, wJiite; remainder of feathers forming wing 
butt, bhic-k; tail, greenish glossy black; legs, feet, and toe nails, 
white. The eye, beak, comb, face, wattles, legs, feet, and toe nails of 
the hen ai*e the same as in the cock; head, silvery-white, with slight 
gi'ay markings; hackle, silvery-white, clearly striped witli black; 
breast, rich robin-red or salmon-rod, shading off to gray in the lower 
parts; back, shoulder coverts, saddle, wing bow, and wing coverts, 
blight silver-gray, with minute pencilings of darker gray on each 
feather, tlie shafts of the feathers white; primaries, gray or black; 
secondaries, gray; tail, gray, of a dai'ker shade than body; quill feath- 
ers, black. 

Colored Dorkings differ from the others only in color, the general color 
of the male being black and straw color, while the female is marked 
with black and mixed gray, with breast of dark salmon edged with 
black. The combs of Dorkings differ in the three varieties; Wliites 
have a rose comb, Silver Grays have single combs, and Colored Dork- 
ings may have either single or rose combs, but single is preferred. 

The standard weights for Dorkings vaxy. The weights for Whites 
are: Cocks, 7^ pounds; hens, 6 pounds; cockerels, pounds, and 
pullets, 6 pounds. Silver Grays: Cocks, 8 pounds; hens, expounds; 
cockerels, 7 pounds, and pullets, 5 } pounds. Colored: Cocks, 9 
pounds; hens, 7 pounds; cockerels, 8 pounds, and pullets, 6 pounds. 
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CAMPINES. 

Oaiapines belong to the Hamburg class. They are an old breed, but 
have only recently been admitted to the standard. The earliest men- 
tion of them appears to have been in 1828, when they were referred 
to as a small variety of fowls imi>ortcd from Holland, and called 
‘ ‘ Everyday liens, ” or ‘ ‘ Everlasting layers. ” This name is still applied 
to them on their native soil. Campines are rated as extraordinary 
la 3 ' 6 rs in Holland, their native couni rj^ but their introduction into 
the XTnited States has been so recent that a comparison with the other 
cgg-la^ing bi'oeds can not bo satisfactorily made. Those, however, 
wlio koei) them sjieak highl}" of their laying qualities. They much 
r(‘semble the Hamburgs, so much so that many think they are the same 
class of birds. They differ, however, from Hamburgs in the comb, the 
('ampines having a single eomb, while tlio comb of the Hamburg is 
rose. There an^ two varieties of Campines, tlie Golden and the Silver. 
Tlio color of the Golden is a rich golden-baj’ in the neck plumage with 
a daiker a cIIoav for the bod}^ color. The Silver Camiiinos are in color 
silveiy-wliilo and black llironghout their plumage. The shanks and 
toes of both varieties are dark blue in color, wattles bright red, and 
car lobes while or bliiislx-while. 

]Sh) standard weight is given for CampineH, ])ut their average size is 
about the same as that of tlie Hairiburgs. 


ANDAEVSIANS. 

The Andalusian (fig. 125) is one of the i)rettiest fowls of the blath- 
ered race, being of a beautiful light and dark blue i^lumage. It is 
called the Blue Andalusian, and is the only variety of its class. It 
is not as poxmlar in this (oiuitiy as it should be, owing to the senti- 
ment against white skin and blue shanks. English and French poul- 
trymen i)refcr these qualities in a bird, and with them it is very popn- 
lar. Andalusians are nonsitters, and ST)leiKlid hyers of largo w’^hite 
eggs, equaling in size those of the Minorca. The chicks are hardy, 
mature early, and pullets begin laying when five or six months old. 

For farm purposes the,y are of the same class as the Leghorn and 
Minorca, the preference being only in the color of their jdumage. For 
fancy purposes they are an ideal bird on account of their beauty. 
Their general characteristics are tlioso of the Leghorn. In color the 
hackle and saddle feathers are dark blue, approaching black; breast, 
a lighter shade of blue, each feather having a well-defined lacing of a 
darker shade; body and fluff, similar in color to breast, but somewiiat 
darker; primaries, light blue; secondaries and wing coverts, dark 
blue; wdng bow^s, darker blue, approaching black; tail and sickle 
feathers, dark blue, approaching black; shanks and toes, slaty-blue. 

No standard w^eight is given for Andalusians; their average size is 
that of the Leghorn. 
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Agricxdiure. 

GENERAL. REMARKS. 

The inolliocls used in propagating citrus Iree.s do not materially differ 
from tliose used in the proimgalion of other fruit ti’oes. However, 
th(*ie are certain differences with which tlio i)rospeclivo grower of 
(*itnis trees should be familiar, and it is therefore the intention of the 
wi*it(‘r to briefly des(*ribe the ])rincij)al methods employed by citrus 
nurserymen and growers in Florida as a guide for those not already 
familiar vith the iudinst ry. 

i)no (ff llio most ditlhuilt questions the prosi>ective orange grower 
must <l<H*i(le is whether to use seedling or budded trees. Such con- 
tlicl ing (/pill ions (w ist /imong orange grou (^rs in Florida regarding this 
qu(^stion tliat to <h.<‘id(‘ the best policy is confusing and somewhat diffi- 
cult. T1 k‘ pi’os and <*on.s of the (pn^stlon, however, can not be discussed 
Ixu'o. Suffice it to say that the general temleiiey of intelligent and 
progrt'ssh c growers is to use only trees budded with thoroughly tested 
and appn/ved varieties. I’raeth^ally all the advam^e that has been 
mad(*- in improving citrus fruits by x)ropagating from selected seed- 
lings, hybrids, sx)orts, etc., which x>rodue(‘ superior or X)eculiar fruit.s, 
d(q)(Uid.s entirely ux)on x>rox)agation by budding anel grafting, as the 
eharaetei istio feat iires are commonly lost by seed x>rox)agation. How- 
ever, many contiuiio to use siMHlling trees, and tliere vill xu'obably 
always be some used. 

SEEDLING TREES. 

When seedling ti’ces are to be used, the selection of seed becomes 
an important feature. Any and every orange seed should not be 
used. On the contrary, the greatest care should be exercised in 
selection. It is not an uncommon roxiort that seeds of sweet oranges 
freciucutly x>roduce sour oranges, and vice versa, but this is x>robably 
never true unless the seeds are the result of hybridization. It is well 
recognized by growers in Florida, California, and Italy that when 
seeds of a sweet orange are jdanted, trees bearing sweet fruit, of a 
fairly good character, almost invariably result. Orange trees, how- 
ever, are generally grown in close jiroximity to lemons, limes, sour 
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oranges, pomelos, etc., and it is not to bo wondered at if hybridissa- 
tion occasionally occurs. When hybridized with the sour orange, 
lemon, etc., the resulting seedlings may naturally bo expected to 
produce sour, unmarketable fruit, or fruit with rough and unsightly 
skin. While seedlings of the sweet orange almost invariably pro- 
duce sweet fruit similar to that i>rodiiced by the i)arent, there is 
nevertheless considerable variation wholly aside from that resulting 
from crossing and hybridizing. This uncertainty as to fruits, espe- 
cially the finer sorts, reproducing themselves true to seed is what 
renders budding and grafting desirable in the orange as in other fruit 
industries. 

Where sweet seedlings, or in fact any kind of seedlings, are to be 
grovui, the seeds should be taken from selected seedling trees known 
to imoduce good fruit and which are isolated from citrus trees of other 
varieties or species. Such sele<diou would prevent the probability of 
obtaining seeds affected by crossing or hybridizing with other varie- 
ties, and make it reasonably sure that seedling trees producing good 
fruit would be obtained. Pomelos, lemons, limes, citrons, kuuupiats, 
and the various other species of cdtrus fruits are almost invariably pro- 
duced true by the seed, as in the case of the orange, that, is, pomelos 
produce pomelos, lemons produce lemons, etc. Like other fruit trees, 
however, the different varieties of the fruits named do not reproduce 
themselves true from the seed. Seedling pomelo, or graijo-fruit, t rees 
are quite common in Florida. The varieties, however, have not been 
so much improved as in the case of the orange, and as yet there is but 
little difference between the fruit of seedlings and that of the best 
named varieties. The principal varieties or subspecies of mandarin 
oranges cultivated in Florida, known as the China (commonly called 
Mandarin), Tangerine, King, and Satsuma, are not infrequently prop- 
agated by the seed, and with but slight variation they commonly 
reproduce true wo the parent variety. However, they seldom average 
equal in flavor to the selected v.arieties, which must be budded, 
as they are not reproduced true by the seed. Seedlings of the 
China are said to show a tendency to form an elongation of the rind 
at the stem, which makes them awkward to pack. In all cases 
where seedlings are to be used the greatest care should be exercised 
to select seed from isolated trees known to uniformly produce good 
fruit. 

THE SEED BED. 

The seeds used for planting should in all cases be selected from fully 
grown, normal fruit taken from vigorous, healthy trees. In this case, 
as in others, it is important that the seed should be good in order to 
secure vigorous seedlings. The method of extracting the seeds from 
the fruit most commonly followed by nurserymen and those planting 
on an extensive scale is to out the orange in half and squeeze the 
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seeds out into a receptacle. Sometimes the entire fruits are thrown 
into barrels and allowed to decay, after which the seeds are separated 
by washing in a coarse sieve, which allows the pulp to pass through. 
The seeds should bo planted immediately, before they have had time 
to dry, but if this can not bo done they may bo preserved moist and 
in good condition for some time by packing in damp earth. If seeds 
dry out from necessity or by accident, the gr(^at majority of them can 
bo induced to germinate by soaking in water for several days previous 
to planting. 

Many different x)lans are followed in arranging the seed bed. If 
only a few seedlings are to be grown, the seeds may be planted in 
boxes about 8 inches or 1 foot deep and of any convenient size. The 
soil should be kept moist, but not wot. Mulching the soil with moss 
(the common Florida long moss) until the plants appear is said by 
some to be beiielicial. If many seedlings are to bo grown, it will prob- 
ably be necessaiy to plant them in the ox>en ground. In such cases 
the seeds are conunonly sown in beds from 3 to 4 feet wide and about 
2 feet apart. Siiflicient rooiri must be left between the beds so that 
the seedlings may bo easily cultivated, Th(^ seeds are spread broad- 
cast or are sown in drills, 1 or 2 inches being left between each seed. 
They are then covered with soil to a dei)th of about 1 inch. Some 
sow the seeds from one-half to 1 inch apart in rows about 1 foot apart. 

After x)lanting, the seed bed must be either mulched or covered with 
a shelter of some kind to protect the young seedlings from the sun 
when they first appear. The cover may be made of brush supported 
by a suitable frame, or of some thin cloth, like cheese cloth or burlap, 
such as is used in making fertilizer sacks. The practice of protecting 
the bed with some such cover is more commonly followed than mulch- 
ing, and is apparently the preferable method. January is probably 
the best month for planting, although any time will do if care is taken 
to keep the seeds moist. If planted late in the spring, the dry season 
in April and May comes before they are thoroughly rooted and is liable 
to seriously injure them, so that watering may be required. Seeds 
planted in boxes usually appear in from ten to twenty days, but when 
planted in open beds they do not appearfor about six weeks, although 
less time may elapse if the bods are artificially watered. The success 
of the seed bed depends very largelj^^upon cultivation and fertilization. 

Previous to planting, the soil should bo fertilized with some non- 
heating manure, such as well-rotted stable manure or some of the 
commercial manures for vegetables. Heating manures, like blood 
and bone or cotton-seed meal, should be avoided, as they are liable to 
injure the young seedlings. The soil should bo fertilized a second time 
when the plants are from 4 to 6 inches in height, and probably again 
a third time before they are removed to the nursery. Cultivation 
should be very thorough, as in the case of vegetables, no weeds being 
allowed to grow. 
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TJio seedlings may be left in the seed bed for a year or more, until 
they are about the size of a lead pencil at the collar and from 12 to 14 
inches in height. Probably the best time to traiisxdant to the nursery 
is in December or Januaiy, when the plants are thoroughly dormant* 
Usually transplanting can be done with safety at any time during the 
rainy season^ but even then it is necessary lJuit the soil should thor- 
oughly W('tted, either naturaliy or artificially, several times shortly 
after Xihiniiug, if the seedlings are to suc<^ood well. 

In digging the secMllings, carefully Ihrusl a sjiado down peri>eudicii- 
larly near the iilarits and work it back and forth until the soil is loos- 
ened from the roots, after which the xilants may bo lifted out without 
injury. The loots and to])s are then pruned preparatory to planting, 
the taj)-root being cut oil; to about 8 or 10 inches in length and tlie toj)s 
Xiruned back a eoiTespoiuling distance. A number of tlie sc^ediings 
may be taken in the hand and the roots and lops emt oil v. ith an ax 
to the desired length. As the seedlings are removed from tlie bed 
the roots should be placed in water or wraxijied in damp moss or (rloih 
to prevent them from drying out A\hile they arc being transferred to 
the nursery and planted. All small or weak seedlings should be dis- 
carded. 

THE USE OF CTTTJX(.S. 

Lemons, citrons, and limes are sonndimes proj)aga'<si by cuttings. 
Oranges and iiomelos may also bo proxiagatod in this u ay, but as they 
do not root readilj' this iiudhod is seldom used with those fruits. As 
in other cases, the ciitlings are taken from young wood, the twigs 
being cut into sections fi’oin 4 to 6 inches in length, and usually ^\ith 
a jiortion of one or two loaves reiuaining attaclied to the u])X)or end. 
Phe ])a.se of the cutting is prepared by a smooth, slanting cut made 
with a sharp knife (a smoothly cut surface forms roots much more 
rcadil}’’ than a roughly cut surface in which the tissue is injured). 
Cuttings thus jirepared may be planted in any convenient-sized box 
filled witli sand. The liasai cud of the cutting is insoiled in the soil, 
leaving about 1 inch of the u^iper end exi^osed. AVherever bottom 
heat can be secured, rooling is greatly facilitated. When the cut- 
tings have sprouted and have attained a height of 8 inches to 1 foot, 
they may be transplanted to the nursery, as in the case of seedlings. 

THE NXmSERY. 

The citrus nursery should be on well-drained soil and in a locality 
as thoroughly protected fixiin frost as possible. Young trees are much 
more easily affected by frost than old ones. Wherever possible it is 
advantageous to have the nursery located on the south side of a 
coiisiderablo body of water, which serves to warm the atmosphere. 
The land should be thoroughly cultivated and all rubbish i*emoved. 
The trees are usually planted in rows from 4 to 5 feet apart. The 
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tendency of nurserymen is to put the rows a considerable distance 
apart to facilitate budding and cultivation. The seedlings are planted 
from 14 to 15 inches apart in the rows. As it is much easier to culti- 
vate straight rows than crooked ones, considerable care should be 
exercised in laying out the nursery (fig. 12G). During the process 
of planting, the seedlings should be kept with tlieir I'oots in water 
or wrapped in wet cloth to protect them against drying out. The 
holes in which the seedlings arc to bo planted are commonly made b}’' 
thrusting a spade into the ground and pressing it back and forth 
until the soil is sufiiciontly spread. The seedling may then be jmt 
in ])lace and the soil pr(‘Ssod firmly around it. The holes in wliich to 
set the seedlings may also bo made by pressing a nui^seiy man’s dibble 



Fi(J. rw.— Citrus nursory iit Fla , showing nu'thod of arianging btaking the trees 

(l^liotographed October 1S9G;, 


into th(' s(»il and crowding it back and fortli until a space of the de- 
sired size is made. The roots may then be spread out and the soil 
pressed liriiily around them. In planting great care should be exer- 
cised to get the soil i)aeked firmly around the base of the root and not 
simply around the collar. 

Wlterever convehiout, it is desirable to use water in planting. The 
soil must ahvaj’S bo moist when seedlings are transplanted, and there- 
foi*e transplanting should bo done soon after a heavy rain, or else the 
ground should be artificially watered. This is very desirable, not 
onlj'^ for the benefit to the plants, but if the soil is dry it is difficult to 
keep the holes open properly and imcvent the dry, hot sand from fall- 
ing in around the roots. Cuttings are transplanted in tlie same way as 
seedlings. 
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In the nursery, as in the seed bed, thoroiig:h cultivation and heavy 
fertilization insure success. In fertilizing, chemical manures espe* 
cially i)rei)ared for vegetables should be used. About 2,000 i>oands 
per acre of such fertilize]* should be given annually in two or three 
applications. If two ai)pUc-ations are to l)e maOo, one in February and 
one in July will probably giv<3 the best results. In case uf three appli- 
cations, February, June, and August will prove sat isfactory periods. 

The trees are allowed to remain in the niirstiry about two years 
before tra.nsi)lan ting into the grove. The second spring after plant- 
ing in the nursery they have usually attained sutheient size for bud- 
ding. If it is intended to bud them, they should all bo budded at tins 
time, as it is desirable to insert the buds as soon as the tr(H»s have 
attained suftlcJent size, in order to throw all growth into tli<^ bud. If 
thc 3 " are budded in the spring;, the buds will have readied sufheient 
size hy fall for the trees to bo transplanted intn the grove or ]>ut on 
th(‘ market, as ina^^bo i>ref(U’re<l. 

STOCKS. 

The kind of stock used for biulding has <^onsid<‘ral)l<‘ influence 
on the health, Aigor, and iiroduetiveness of the tree. As some stoc^ks 
will not do well on <‘ertain soils and some varieties grow w(dl only 
on certain stocks, it is d<‘sirable that tlie stuck iisc‘d fm* jdantiiig 
any given tract be careful!}^ considered. 1"he orange and pomelo, or 
grape fruit, are commonly budded on sweet-orange, sour-orange, 
lemon, or jioinelo stock. If planting is to be done on rich, moist low- 
lands (low hammocks and flat woodr>) Avliich ai'o siibje(d- to foot rot, 
or mal-di-gomma, stock Avhidi is immune from this disease should bo 
used. Sour-orange stock is the most resistant variety that lias been 
found and usually gives lh(5 ])est results. Pomelo, or grajie-fruit, 
stock is also quite resistant and is probabl}^ tlie b<*st stock in foot- rot 
regions where the soil is droughty at certain S(‘asons of the year. It 
is a more vigorous grower than the sour-orange and resists drought 
better. Foot rot is common also on some flat, woods and high pine- 
land soils which are dj*y and well draiiuKl, ]ind in such localities the 
pomelo is j^robably the best stock for general use. 

In the case of high and dry lands not much subject to foot rot, sweet 
orange, lemon, and pomelo are probably the best stocks. On dry lands, 
sour stock, although much used, does not always give satisfaction. 
Lemon stock, jiarticiilarly the Florida rough lemon, is a A^ery excellent 
stock for dry, sterile lands, as it is a very vigoroUvS grower, doing 
fairly well in soil where the sweet-orange would ijerish. It is so easily 
injured by cold, however, that it is safe only in southern localities. 
Pomelo is also a more vigoi^ous grower than sweet orange and is proba- 
bl}^ a better stock for dry lands, but it is more tender and should be 
buddcKl near the ground or its use limited to southern regions- In 
regions where foot rot is prevalent, sweet-orange stock and lemon stock 
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should never be used, as they are particularly subject to this disease. 
The lime, which is a very vigorous-growing stock, similar to the lemon, 
is used to some extent in southern Florida as a stock for the orange, and 
is said to be excellent for barren scnib land and rocky locations. The 
hardy trifoliate orange is used to a limited extent as a stock for the 
orange, but has not always given thoroughly satisfactory results, 

Tangerine and China (Mandarin) do well on any of the stocks used 
for the common sweet orange, but as the grower usually desires to 
ijicrease the size of these varieties it is i)rol)ably preferable 1o bud 
them on rough-lemon stock. The Satsuma, which is a hardy variety, 
is very extensively budded on the hardy ti'ifoliato orange, on whkdi 
it is said to do well. It also gives good results on sweet-orange, which 
is i)r()bably the best stock to use in southern locations, but does not 
do well on sour-orange stock, TiOmons are usually budded on rough- 
lemon, sour-orange, or sw eet-orango stock, the rough-leiiion being con- 
sidered tli<*. most desirable, as it is the most vigorous grower. In 
pla(*es wdnu e foot rot abounds, sour-orange stock should be used. 

In selecting stocks it is also important that the latitude and local 
climate bo carefully considered. The various citrus species used as 
stocks foj' grafting or budding vary gj‘catly in their resistance to cold. 
The following is a list of stocks commonly or sometimes used, and is 
arranged in order of hardiness, the hardiest being placed first: Tri- 
foliate orange, sour-orange, bitter-sweet orange, sweet-orange, pomelo, 
rough-lemon (or lemon), lime, and citron. In localities where thoi'e is 
danger of severe freezes, no matter what st^ock is used, the point of 
union should be i^lacod near or below the surface of the soil, so that 
the buds may be saved in case of freezes. 

Ill regard to the effect of stock on the character of the fruit, it may 
be said that wdiile some growers claim to have observed that the fruit 
is rendered coarser and thicker skinned by budding on vigorous, raj)- 
idly growing stocks, like the pomelo and the lemon, yet it is certain 
tliat the difference is very slight and in most cases hardly perceptible. 
In this connection all that needs to be considered is that stocks of 
this nature tend to produce rather larger fruits. While in some varie- 
ties this character is a disadvantage, it is, on the other hand, an 
advantage to have a vigorous stock, as in certain varieties this is 
necessary to insure fruitfulness. The varieties of the Kavel orange 
are unfruitful on sweet or sour stock, but usually they are normally 
prolific if budded on rough-lemon. 

BUDDING. 

WHBN TO BUD. 

The trees in the nursery should be budded when they have attained 
a size of from one-half to one inch in diameter. If tlie trees are 
grown for sale it is probably best to wait until they are three- 
fourths to one inch in diameter before budding. If the young trees 
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are grown for planting, it may be desirable to bud them rather sooner^ 
in order to i)ut them as soon as possible in their permanent places in 
the grove. If a tree is transplanted when still small, the greater por- 
tion of the roots and top is saved, and the shock in transplanting 
is therefore less, liiiddirig can be done only when the tree is in a 
growing eoiulitiou, so that the bark slips and separates easily from 
the wood. It is usually preferable to bud as early in the si>ring as 
possible. The n arsery is commonly budded during March and ApriL 
It 3uay be gone over again in May and those stocks which failed the 
first time rebudded. Budding may be done at any time during the 
eumiDcr, unless the trees are checked in growth by a severe droiiglit, 
but it is usually not best to bud later than the first of July, as suffi- 
cient lime should remain for the bud to i)us]i and mature the wood 
of the first grow'lh before winter. If the budding (*an 
not be done by the time named, it is ])robal)ly b<\st to 
wait and put iu dormant buds in October or Novem- 
ber. 

SELEOTIOX OF Ja‘J»S. 

JUul wood slioiild always be sedeoted from fairly 
well-matured wood of the (-urrent year's growth. 
Hound sticks (or as nearly round as possible) should 
be s(deeled. The young growth of orange wood is at 
first angular, beeomijig rounder as the twig matures. 
The basal portions of the young branches, which are 
licarly or quite round (fig. 127, a), supply the best 
buds, with the excejiiion of the fij’st two or tliroe, 
which are usually somewhat imperfect and slioiild 
be discarded. Where it is difficult to secure well- 
I’ounded wood, angular wood wliicli is not too soft (fig. 
127, h) may be used. This, ho\YeYor, is not quite so 
satisfactory. Thorny bud wood should never be used 
when other w^ood can be obtained. Thorny ti’ees are 
very undesirable, and a careful selection of thornless 
bud w’ood will soon result in thornless trees. The 
IhoiTis have been bred out of juany of the best citrus 
varieties, and if nurserymen would exercise proper care all the desir- 
a]>]e varieties could soon be rendered thornless. 

"i'lic bud wood should be cut while the wood is dormant, before the 
buds show any signs of pushing. That desired for spring budding 
should be cut the latter part of January. It is well to leave the 
wood on the tree as long as possible, and therefore the trees should 
be carefully observed during this period. When the first buds are 
observed to be swelling, all the bud wood desired should be cut 
immediately. After cutting, the leaves should be pruned of£ and the 
twigs cut into sections of the desired length. To preserve the bud 
wood until needed, the twigs should be tied up in convenient-sized 
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biiudles, carefully labeled, and packed in old sawdust in a box of suit- 
able size. The box should then be closed and buried in sheltered 
ground several inches below the surface. In this way bud wood can 
be preserved in good condition for from two to three months. Damp- 
ened sphagnum, or i)oat moss, may bo used instead of sawdust, but in 
this case considerable care must be exercised to get the moKSS i>roporly 
dried. It must be moist, but not wet, for if too wet the bud wood 
may mold. The same caution applies also to sawdust. In this case, 
the i^roper degree of moisture can bo secured by taking the material 
from the interior of an old pile. Sawdust does not lose its moisture 
readil}" and is the best material for packing. Some simply bury the 
bud wood in the soil under slielter, digging down iiniil the moist earth 
is reached. 

HATEKIAn‘<. 

llefoi'e beginning tbe oj>eratioii of luidding, nuilerial sliould be pro- 
vided for wraj)piiig the buds. For this purpose cotton cord, yarn, 
strips of waxed cloth, etc., are used. The last named has x)ractical]y 
superseded all others in Florida, being )nore convenient and giving 
belter losiilts than any other wrapping material. 

The strips are made from strong muslin or calico. 

Before the cloth is torn into strips, it is folded into 
eouvenieid size and dipped into a hot solution of wax 
made by melting together two parts of beeswax and 
one imrt of r<‘sin. Several formulas for making this 
wax are used, any one of which will j)ro1)ab]y answer. 

TliC method d(.^.c^ibed is known from personal exx)e- 
rience and obseiwalion to give good nssulls. After 
saturating the cloth with the liot wax, all the superfluous wax siioiild 
be reniovc<l before the cloth cools. To accomplish this quickl}’^ hang 
the piece of cloth, folded in <*onveuiimt form before waxing, over a 
small, strong stick (fig. 128, a), which is lield by an assistant. Then 
take two similar sticks of wood and holding them parallel on either side 
of the cloth (fig. 128, ?>), [u’css them firmly together and i)uli downward, 
squeezing out the superfluous hot wax. The cloth should then be 
spread out until cool, after which it is ready to bo torn into strii>s of 
the desired size, that is, one-fourth to one-half inch wide and from 10 
to 12 inches long. The cloth may be torn into strips before it is taken 
into the field, or it may simply be torn into eoiivenienl-sized pieces and 
afterwaixls tom into strips in the field as desired for use. The latter is 
probably the most convenient way. Using waxed cloth for wrapi)ing 
effectually excludes moisture, i)revents the bud from drying out, and 
the work can bo done more quickl}^ than with string, as the strips 
cover jnore surface and do not require tying, the wax serving to hold 
the cloth firmly in place. It may therefore bo recommended as far 
preferable to any other wnijjping material. 


3 a 
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HOW TO BUI). 

Budding is a simple process, consisting in inserting a bud of a 
desired variety under the bark of the stock in such a way that the 
freshly cut inner bark of the bud comes in close contact with the 
layer of growing wood (cambium) of the stock. The bark is closed 
over the inserted bud and the stock wrapped with waxed cloth, as 
described, so that the bud is firmly pressed against the growing wood. 
If the oijeratiou is x>roperly performed, the tissue of the bud and stock 
soon fuse together and the bud may be forced to grow. 

In all varieties and stocks of citrus fruits the jH'ocess of budding 
is practically the same, the method c<miinonly employed being that 

known as shield, or eye, budding (fig. 

The bud is inserted in the young 
slock near the ground. Previous to 
the severe fieezes of the winter of 
1804-05 the general i)racti(fe was to in- 
sert the buds to 18 inches above the 
groiiiid, ])ut since then the tendency is 
to bud as near the surface of the soil 
as possible, so that the trees may be 
readily banked with the earth above 
the bud to pi’otect against injury from 
freezes. Most of the buds are now in- 
serted from 2 to 6 inches above the soil. 
In sections wiiere foot rot is abundant 
and sour-orange stock is used as a pre- 
ventive measure the buds should be in- 
serted from 12 to 18 inches above the 
soil, so that the sweet-orange wood will 
be above the infiuence of the disease. 

All leaves and lim])s which would 
hinder the proper wrap] )ing of the buds 
should be cut away with a sharp bud- 
ding knife. Tlie use of sharp tools is 
the secret of success, A vertical cut 
about inches long is made at the point where the bud is to be inserted. 
At the base of this a horizontal cut is made, so that the two cuts present 
the appearance of an inverted T (X), as shown in fig. 130, a. The outs 
should not be deep. The aim should be to merely cut through the 
bark, but no injury will result if the cuts are rather deeper. The 
lower edges of the bark are slightly raised with the end of the knife 
blade (fig. 130, b) to facilitate the insertion of the bud. This may 
also be accomplished by giving the knife an upward turn after mak- 
ing the horizontal cut. Now, take a stick of bud wood In the left 
han^ and cut out a bud, as illustrated in' fig. 129. Formerly the por- 
tion of the wood cut out with the bud was removed, but experience 



Pig. Shield, or eye, buddins: : a, 
method of cutting bud from round 
twig ; 6, bud cut ready to insert ; c, 
face of bud showing the cut surface. 
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has shown that this is entirely unnecessary. The upper end of the 
bud is insei'ted under tlie slightly raised ends of the bark (fig. 130, o) 
and gradually pushed upward until all portions of the cut face of the 
bud come in contact with the wood of the stock (fig. 130, d). If in 
proper condition for budding, the bark of the stock readily se])arates, 
allowing the bud to be pushed upward into position. The bud is now 
ready to wrap, ''rake a stiip of the Avaxed cloth i)repared as alH>ve, 
and beginning slightly below the horizontal cut wrai) tiglitly around 
the stock over the bud in a spiral manner, caeli turn sliglitly over- 
lapping the previous one. The wax holds the cloth in place and 
makes it possible to draAV it very tight. Wluui the vertical in(fisi<;n 
has been entirely covered, turn the <Hid of the strip slightly doAvn- 
Avard over the wrapped portion, to Avhich it adlieres more firmly than 
it would to the bai’k, and no tying Avill be necessary (fig. 130, e). It 



Fio, 130.- -Shiold, f>r eyo, budrliuj? • a, <m stock ; incision with lower ends of hark rai‘'Cd 
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wrapped with waxed c loth 


is better to Avrap from heh>Av u[)Avard, as in this ease each turn over- 
laps the otlitu* in the right direction to proA'^ent water ruiiiiing cloAvn 
the stem from entering. Nurserymtm usually wrap over the luid, 
covering it entirely. Some, following the practice <*<>mmoii]y used in 
other fruits, leave the eye of the ])ud exposed. 'Fhis, howoA^er, is 
more troublesome and docs not succeed so Aveli. 

In some cases where bud wood of certain A^arleties is diffitmlt to 
secure, it may bo desired to use buds from the young angular Avood 
(fig. 127, ft). This may bo used with good n'sults if the stoitk to bo 
budded is growing rapidly and is in a succulent (condition, lii this ca^se 
the method of cutting and inserting the bud is slightly different from 
that already described. In cutting the buds the stick is t urned slightly 
to one side, so that as the bud is cut off the eye lies on one side instead 
12 a9G 31 
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of in the center of the bud (fig. 131, a, h, and c). It is only by cut- 
ting the bud in this way that the cut surface is made wide enough to 
hold the bud firmly in iK)silion. Vov inserting these buds an incision 
is made in the bark, as shown in fig. 130, a. The bark is slightly 
raised on one side w ith the point of the knife and the bud is slipped 
under in a lateral direction, the eye remaining in the vertical slit 
(fig. 131, d). The bud is then wrai^ped as shown in fig. 130, e, 

UNWRAPPING THE BUr>R. 

Ill from ten to twelve da 3 \s the buds will have united with the stock 
and may then ]>o niiwi*a[)ped. In early spring, when the weather is 

cool and the growtli slow, 
tlui wrapping sliould bo left 
on from fifteen to twenty 
days, while in the Miininer, 
when the weather is waim 
and the growth rapid, ten 
days is usually a sulTieicnt 
h^iigth of time. However, 
it is impossible to say defi- 
nitely how miieli time should 
<‘lapse before the wraiiping 
should bo removed, as the 
wood of the stock sliould 
never bo allowed to grow 
over the buds. It should 
not be removed until a light 
graj'ish lino of now tissue 
can be seen forming around 
1 he edge of the incision made 
in in.si'rlingthebud. A lit- 
tle experience will enable 
one to tell at what stage it 
is safe to unwrap. Under 
ordinary conditions fiom twelve to fifteen days will give good results, 
but in very dry weather in the summer, when growth is slow, it may 
bo necessary to leave the wrapiiing on for a longer time. Some ten 
da 3 "s after budding an examination sliould bo made of a number of the 
buds, and if they arc found to bo well healed on, the wrapping maybe 
taken otf, but if not, the wrapjiing should be replaced and allowed to 
remain vsomo time longer. If the wraps arc allowed to remain too long, 
tlie wGod of the stock is liable to grow over the buds and greatly 
hinder their iiushiug. 

FORCING THE BUDS. 

lu order to force the buds to jiush unifomly after they have healed 
on, it i*s necessary to severely check the growth of the stock. This is 
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most commonly aecomplblied in nursery trees by lopping the toijs, as it 
is called, which is usually done from three to live days after the wraps 
are removed from the buds. The lopping is usually done with prun- 
ing scfissors, the knife edge being placed about 2 inches above the bud 
and the stock cut two-thirds through. The top is then bent over to 
one side and allowed to rest on the ground (lig. 132, a). 

To provide for sub- 
sequei it cul t i vat i on 
and attention it is 
necessary to us(^ some 
delinite plan of bud- 
ding and lopping in 
tlio nurseiy. Two 

methods most com- ^ 

the ‘lllcril'lte C‘eill ers Flu. i:53.- Treatment of bud^K o, 3 '«.ringtrcM*ioi>pod toforc;obud; 
« . ^ ^ vv -u D snpportinf: .stnbe nfr« r ]r)p ” bas Won rvnioy*^^}. 

Ireo lor cultivation, 

or to lop the lops of alternate rows in diiierent directions, one row in 
each center (fig. 133, Z>), and place them near the rows. Jly the latter 
method a cjulti valor may be run up one row and down the oilier, pass- 
ing always in the direction in which tho tops aie inclined so that the 
branches will not interfere with the cultivator. Usually tho old lops 

are allowed to remain attached 

\ I \ I \ buds have attained a 

® ©> © © o ^ \ \ height of from 12 to IS inches, 

€^' • ^9 ir \ \ \ after which they may be cut off. 
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Fia. 1:33. -Diagrams illustrating motlK^d*^ of lop* 
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that tho buds make a larger 
growth i f 1 ho old tops arc alknved 
to remain attached through the 
suiuincr and are cut olf in Sep- 
tember. If this practice is fol- 
lo>ved, two rows of trees should 
be lopped together. The tops 
thus form a dense shade or sort 
of mulch on the soil, keeping 


it moist and preventing the weeds from growing. In this case it is 
also desirable that the rows lopped together should be planted rather 
close (about 3 feet apart), for if this is not done the weeds will grow 
up among the tops, making it necessary to cut off the latter when the 
buds are 1 foot to 18 inches high in oixier to keep tho weeds down. 
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In the case of vigorous-growing stocks, like the rough-lemon, it is 
said to be very desirable to leave the tops attached for some time, 

When the old tops are removed, the portion remaining above the 
bud should be cutoff smooth and close to the bud, so that it will soon 
heal over without forming an ugly scar (tig. h). Some follow the 
practice of coating the freshly cut end with shellac, but others working 
on an extensive scale never do this. It is seldom that any noticeable 
benefit is derived from tlie practice. 

GROWTH OF THE BUDS. 

The attH<»hmeiit of the rapidly growing bud is at first very weak and 
it is necessary to strengthen it by tying to a stake (fig. 132, /;). Some 
nurserymen practice cutting the stock rather high in l()j)X3ing, and 
supx>ort the buds for a time by tying them to tlu^. i‘emainiug portion 
of the stock. The buds i)ush much better, however, wlien the sio(*hs 
are cut very close in l()px)iiig, so that it is hardly desirable to depend 
upon this method of supporting the l)U(ls, as in either case it is nec- 
essary later to supx)ly tlie siipx)orting stakes. 

The development of the buds should be (;arefully watched during 
summer, and they should be lu-uned in sucli a w ay as to x>ro(luco a top 
of the desired shai^e. In Florida, wlun*e a low tree is desired, it is 
necessary to nil) the to[)s Avheu tJiey are 2 or 3 foot high to inducui branch- 
ing. Tlio buds which i)ush low dowui on the Ht<)<*.k or bad slioiild bo 
rubbed off before they have grown to any sixe, as tlieir gimvth d(d racts 
from the development of tlu^ bud. 

The best time for trausi)laiitiiig orange or other citrus trees is prob- 
ably during ])c(3ember, although they may be transplanted in January 
or February or during the rainy season. By December buds })ut in 
early in th<^ spring have reached a conv<mient vSize foj* trausplautiiig 
into the grove. 

DORMANT BUDD1N<J, 

Putting in buds which are iiit-eiKlcd to remain dormant during the 
winter, or dormant budding, as it is called, is usually done in October 
or November. The process is exactly the same as described above, 
except that the tops are A-llowed to remain standing until the follow- 
ing spring. They are lopped in the usual manner t-he latter part of 
February, or just before the spring growth starts. The advantage 
of dormant budding is to secure the first spring growth in the bud, 
which is the largest growth of the year. 

SPUtO BUDDING. 

This is a form of budding frequently used on old stocks, wliei'O the 
bark is thick, in changing the variety or replacing a limb accidentally 
broken off. A scion about 4 inches long is selected (fig. 134, a), and 
the basal end sharpened by a slanting cut on one side, as shown in the 
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figure. A curved oblique incision is made in the bark, the lower 
edge of which is slightly raised with the point of the knife, and the end 
of the scion inserted and pushed between the bark and wood in an 
oblique direction until the f j^eshly cut sur- 
face of the scion comes in contact with the 
growing wood of the sl^ock (fig. 134, b). 

^iie scion is held firmly in place by the bark 
of the slock, and the use of grafting w ax or 
wrapping of any kind is said, therefore, 
to be unnecessary. 

(}RAFriN(i. 

Grafting lias not been extensively used 
in citrus culture in FJoi ida, but as there is 
an iiK'Teasing tendeiK^y to placid the point 
of union betAveen stock and graft, or bud, 
near or behnv the surface of the soil, this 
method will probably be more used in the 
future. There seems to be no good n^ason 
wiiy it should not be adopted wherever 
desirable. Grafting should lx‘ done in Jan- 
uary or February, wiiilo tlu^ trees an* still 
ilia dormant condition. The scions must be 
taken from tliorouglily mature w'oo<l of tb(* 
last se?isou’s growili. Round and tliornb'ss 

twigs should bo 
seloetiMi if pos- 
sible, all hougli 
the somewhat 
angular wood 

may be usimI if lliorougiily iiiatur<\ 

CLEFT <UtAFTIN(i, 

Cleft graft ing, which is one of the sim- 
plest metliods, maybe used to advantage 
in place of budding i n n ursery trees wiiere 
it is desire<l to place the point of union 
Ixiow’ (he soil. A scion about 5 indues 
long is selected and the lower end sliai'p- 
ened to a wedge shape by two slanting 
cuts inches long on opposite sides (fig, 
135, a). The young stock to be gi'afted 
is cut or saw’cd off slightly below the sur- 
face of the soil and a cleft made in the stock (tig. 135, 6). If the 
stock is larger than the scion, the latter must be inserted at the side, 
so that its cambium layer (the growing layer between the bark and the 



Fiq. Cleft grafting : a, base of 
Bcion; 6, Btook showing central 
cleft with H(‘ion inserted. 



Fjc? Sprig budding: a, 

scion h,fn urn inserted in stock. 
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wood) on one side will come in contact with that of the stock. After 
the scion has been pushed down into place, the stock should be 
wrapped with strips of waxed cloth, like those used in budding, one 
or more strips being i)iit across the top of the stock to keep the sand 
out of the cleft until the graft starts to grow. The moist soil is then 
thrown ui> around the graft, leaving only the upper end exposed. The 
wrapping cloth will decay in a short time, but it Ls probably best to 
remove it soon after the grafts l^egin to grow. 

TONtiUE, on WHIP, (OiAFTI.\’G. 

Ill grafting small stocks the i-ongiio, or whip, graft (fig. 13G) is gener- 
ally used. If pro])erly made, the tongue servos to hold the scion firmly 

in place and forms a good union. After the 
seion and stock are iilaoed together, they are 
firmly wrapped around the point of union with 
strips of waxed cloth, as in the case of buds 
(tig. 130, e), Tlio wrapping slnnild be loft on 
until the graft has startr^d well, when it should 
he removed, ily removing the soil somewhat 
around the collar the longiiogi-aft maybe u.scd 
on small nursery tices to jilace tlio union be- 
low the surfiice. 

CROWN (mAFTTNG. 

Wlien the tops of comparativedy large tr(^es 
{?) in(*hes or more in diameter) are killed to the 
ground by fre(*zing or in any other way which 
leaves the roots uninjured, they can be most 
quiidvly rephiced by crown grafting. This 
metliod of grafting inaj^be used to advantage 
on large limbs also. In crown grafting, as 
^graftmg raTmothod of practiced ill Florida, a s(*ion aliout 5 inches in 
tii3g^>iockaij(ii.<-ion;Zs stock length IS sharpened at tlio basal end by a 

with rcion inaerttHl. j • -% i \ -r 

long, slanting cut on one side (fig. lo7, a). In 
crown grafting other fruits a slight shoulder is usually left on the scion, 
and tills rests on the stock when llic scion is insei-tcd. AVhen frozen or 
killed do\ra, the slock to bo grafted 'is tiiiwed or cnit off 2 or 3 inches below 
tlie surface of the soil, where the w'ood is fresh and living. AVitli the 
aid of a knife blade the bark is then slightly loosened from the wood 
at one place and the scion is pressed in between the bark and wood, 
with the cut surface against the latter. The best places to insert the 
scions are in the concave poilions of the trunk, as hero, in order 
to allow their insertion (fig, 137, 6), the bark can be pressed out 
without breaking. Several scions may be inserted on one trunk 
if desired. The bark, if unbroken, will hold the scion firmly against 
the wood and no wrapping will be required. If, however, it should 
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bo necossaiy to aplii tlie bark to allow the insertion of the scion, it 
should Ixi wrapped with string or waxed cloth to hold it firmly in 
position. Moist earth is then banked up over the stiimi) until only 
the upper poHion of the scion remains exposed. In using crown 
grafts above the soil, strips of waxed cloth or grafting wax must be 
used to prevent the scions from drying out. 

ROOT (JTtAFTIXG. 

Propagating cilrus fruits by root grafting has never been tlior- 
oughly tested, so far as the writer is informed. In March, the 
wrifer was led to inako s(‘veral tests of tin's iiKlhod, which, owing to llio 
condition of some of the roots used, ihoiigh not llioi'oughly satisfac- 
tory, yet slrongl}- indi(*ated lhat the melluxl Jiiight frecpienlly boused 
to advaiitago. About tlio first of April lateral roots, varying from 
one-half to three-fourths (»f an inch in diameter, W(n*e t;iken from 
sweet -orange trees and eiit into se<‘- 
tiojis about ono foot in Ion, ‘^th, eadi 
having a fair quantity of fi])r<;u.s 
roois remaining unin junxl. Tla‘S<' 
vrevo innn<‘dia1cly tongue graftod 
(fig. vdtli dorinaut, sv(‘(‘t- 

oraugi' scions obtained from Cali- 
fornia, and were tlaui ^Jlanted, the 
unioii iHung i/Iaeed slightly b^dow 
tiiesoil. Tlie majority of tin grafts 
started growth ])r()mptly, but about 
one-half of these ina,d(‘ \ery .slow 
X)rogvess, tlie groAvtIi appearing un- 
liealtliy. The' roots used W(*re taken 
from trees about sixteen years old 
whicli liad been fror.eii to the gioimd two montlis before, and this, it 
is tliouglit, affected the results. While not recomiiieuding the gen- 
eral use of this method, the writer would suggest that the results 
obtained indi(*ate that a Ix'aring grafted tree may bo soeurod in this 
way in far shorter time than by any method novr practiced. The 
method would stiom i)artienlarly x>i‘oin1sing where lemon, lime, or 
ponu'Io stocks, which root* easily, are used. 

All the methods of budding and grafting described ina^^ bo greatly 
clianged in detail. No attempt hiis boon made to describe all varia- 
tions, only those methods being given which luivo proved most satis- 
factoiy and which an', most commonly used. 

INARCHING. 

Inarching consists of uniting limbs of the same or diiferent trees by 
a process similar to budding. Several metliods of inarching aj o used, 
but only the ono in most common use will be described. The two 



Fig l.r - Crown o, of ; 

h, oia stock vrith souvr> inserted 
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limbs to bo inarched must bo close together, in such a position that 
one may be easily bent over against the other. The operation is 
practicable only where one of the limbs is comparatively small — 
under 1 inch in diameter. The small limb is cut off by a slanting 
stroke in such a place that the cut surface faces the other limb when 
bent over against it at the point where the union is to bo made (fig. 
138, a). A vertical and a cross cut, like an inverted 1’ (1), is made 
in the bark of the large limb or slock at the point whore the two limbs 
touch (fig. 138, h). The end of the small limb is then inished up into 
the slit (fig. 138, r), as in shield budding described elsewherti, and 
strips of wax« 3 d cloth are wound around the union to hold the limbs 



Pra. l-iS.” Inarching : a, eii'l of limb to bo inarchod, 
Bliowing foi m of fslanr uig cut , />, iiuiisiou ou stock. 


firmly in place. The wraj)ping 
should bo allowed to remain f or 
a month or more, till the limbs 
have beeoino very firmly grown 
together. Inarching is fre- 
qiKoilly nse<l in eases where 
tre(‘s are girdlt^d by foot i‘ot, 
wood lice, or white ants (I'erru- 
itos), or in any otin^r way. In 
foot rot, young sour-orange 
stocks, wijich ar<' immune from 
this disease, may be i)Iantod 
l>y the side of t,re(\s in the firsl 
stages of the malady ami in- 
arched into them U or 2 feet 
above th(^ ground. In this way 
they jnay almost certainly l)0 


with liark ruisc'd pi'cnararory to inhorting oud of 
limb; r, limbiuHcrtod,r«jady to wraji 


saved from the dis(iase. If the 
bark of the distjased tree will 


not slip, a wedge-like union, similar to tln^ cleft graft, should be 
tried, the incision in the stock Ixdng mad(* with a chisel. In case 
of girdling by white ants or animals, si>i‘ours from the roots may be 
inarehed, or small trees may be planted by the sidi^ of the injured 
tree and inarched, as in the case of foot rot. Inarching is also fre- 
quently employed where it is ilesired to throw tin*, strength of two 
or more sprouts into tlie <levelopment of one, top, as in the case of 
numerous sprouts coming up around large frozen tiainks. Limbs may 
be bi*acecl aufl strcrigtheued by binding them together by means of 
inarching branches. 


IMPROVEMENTS IN WHEAT CULTURE. 


By Mauk Alfred Cari.eton, 

Assistant^ Division of Vegotahle PhysioUnf?/ Pathology,, U. S. Ikipo rtitiei / 

of AgrienU are. 

GENERAL REMAltKS. 

There is probnblj" no ajj^ieiiltural i>rodnei more variable as to supply 
and demand, and consequently more subject to variation in price, than 
wlieat. It may bring a high ])rice for one or two seasons and then 
fall great ly in value for sev(U‘al years in succession. Tln^se 11 net na- 
tions are due t-o a number of causes, among which may be mentimiod: 
(1) The fact that the natural tvheat regions are, above all others, 
subji'Ct to extreme <dianges of climate, intermingled with seasons of 
prolongiHl and st^M're droughts being occasionally shorter seasons 
of too-abundant rainfall, all lending to make wide variations in the 
wheat liarvcst ; (2) a rise in i)rice causes the crop to bo jdantod more 
extensively, and as a consequence the supply is iintreascd and (ho 
price goes down; {.'i) war may increase the foreign demand; (t) a 
greater market is sometimes open<‘d in foreign countries by coiri- 
mercial treaHes wliieh reduce or abolisli the tariff on wheat or Hour 
imported into tliese <*.(>uiitries; (5) an tiniisual demand for feed for 
sto('k will necessarily increase the acreag<* devoted to the growtli of 
other cereals, especially corn, and i)r(i]>ortionally lessen the aer(‘age 
in wheat.; (0) feeding wheat to stock, as was done over a year ago in 
the West, may materially lessen the suridus of wheat on hand; (7) 
settileiiuuits in new countries <»ften gn^atly inci’caso the acreage given 
to wheal . 

Some of these causes of variability in the profits to ])e deriv(Mi from 
wheat raising can not be overcome merely by adherence to correet 
principles of agricultural seio7ic(‘. There are, howev( 3 r, various 
instances in whi(*h ther<^ is room for an improvement in agricultural 
prH<itice that would, without any question, make wlu'at culture much 
more profitable than it. is at present. Indeed, during the recent, jieriod 
of low prices the imc^ertaint.y of yield and the inferior tpiality of i-lie 
product had probably more to do with restricting ])rotils than the 
actual decjrease in price itself. Investigations made by the writer in 
the wheat districts of the Great Plains show that in some places an 
average of oven 15 bushels of wheat per acre, at 40 cents per bushel, 
may be profitable 
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METHODS OF TILLAGE. 

With wlieat, as witli many other crops, the proper treatment of the 
soil may he considered half the battle. In wheat growing a groat deal 
depends upon local conditions of soil and climate, and as these con- 
ditions in any particular locality can be thorouglily understood only by 
long residence in that h^cality the experiment stations in the several 
States should be iiblo to give the most reliable advice relative to the 
adaptability of wheat to any particular section. Novortheh^ss, Ihei’e 
are a few general principles which it secerns proper to discuss here. 

On large farms, Avlii(*li arc ef4pcciall3^ connnon in the West, there is 
much actual area lost b}' sheer As'astefulness in cultivation. For in- 
stance, a Avidc strip is left for turning ground and then perhaps not 
utilized, and again the jdow may bo allowed to run quite a distance 
before it begins t urning a furrow. If the amount of land thus though tr 
less!}" wasted could bo caleulated, the result Avould be surprising. Siip- 
I)OSG a field of 200 acres in-odiices .‘1,800 busliels of Avheat, does this 
necessarih" mean afield of 10 ])usheis ])er acre? Is it not- luore likely 
to bo 20 l)]ish<ds pc‘r acre from an area of onl}’ 100 acres a<»tually grow- 
ing the crop? If the latter be true, tlnn'o is a clear lossof 10 acr^-s, or 
200 bushels, Avhich, at 40 cents per bushel, would pay more tluiu half 
the bill for thrasliing the entire crop, oven at a rate of 4 c<uits per 
bushel for th(^ Avorlc. 

It' is found, as a rule, that A'oiy (‘arl^- and deei) idowing is best. This 
is cspcciall}’ true in arid ]*ogions, where eoiiservatiou of moisture is a 
very important mat ter. In such districts subsoiling may Ix) practiced 
also to advantage, according to the nature of the subsoil.^ 

For ,si)ring soAving ploAving should generally be done in the fall, 
and for fall so^^illg ])loAving should bo done soon after harvest. In 
si)ring-Avheat districts sumn;er falloAving is sometimes practiced. 
This giA^es a much-needed rest to th ) land during constant Avheat cron- 
ping. Root or forage crops 11013% howcA or, cHicasionall3" seiwe th(^ ranie 
purpose, besides being a soiir(ie of additional profit from tlie laud. 

After ('onsiderable oxpeu-ienee and investigation, the Avritcr has come 
to the conclusion that a roller should iiOA^er bo used on the Western 
plains, except in the case of late plowing, and oven then it should be 
used onl3" before drilling, lliis is owing to the fact that roughness of 
surface is A^alnable for holding moisture and checking the injurious 
action of dry Avinds. The seed bed should be made A^ery fine and 
melloAV before drilling, and AAdnu’eA’^er iKJSsible the drill rows should 
inin east and west. Strict attention to such general principles fis the 
foiTigoing will result in an increase in certain seasons of as much as 5 
or 10 bushels per acre. 

^For an extended discussion of tillage for arid regions, see Prof. Milton Whit- 
article in the Yearbook of the U. S. Dtpnrlnient of Agriculture, 18^4, p. 129, 
under Conditions in soils of the arid regions,*’ 
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TIME OF SEEDINO. 

Tho proper time for seeding varies, of eoiirsc, with the latitude, 
while depending also occasionally on the locality and on tho variety 
used. I3ut whatever tho conditions otherwise, it is a safe rule to sow 
at a period which is considered early in tho lo<*ality where the sowing 
is done. Experiments conducted at several State cxx)enment stations 
and in Canada sliow somewhat remarkable increases in yields, due to 
early seeding. In tho caso of four ditTerent seedings, made at inter- 
vals of one week, ilic average rosultvS for two to four years showed a 
dilTeronee in jdold of from 10 1o 20 biishcds i>er ac.re between the earli- 
est and the latest si^edings, the dilTerence being in favor of the former. 

In api)arent (jontradi(‘1 ion of the foregoing statements, it seems to be 
pretty well (^slablished, though asy(d. scarcely satisfactorily ex^dained, 
that spring varieties vhen used for fall planting must be sown quite 
lale. The seeming contradiction, Lon ever, is perhaps only ai>parent, 
for in regions A\hcr<* the character of the elijnate jiermits, an extremely 
laic fall sowing, say as laic as December, may as coiTectl30je called a 
very ca.rly si)ring sowing. Indeed Turkey, ()d(sssa, and allied varie- 
ties ill ordiiiar}” seasons may be sown in westoi’n Kansas and Xebrnska 
in any tnoidh of the winter with equal iirobabilities of success. In tho 
NorlhAveslern Slates especially only hardy winter varieties should be 
us<m1 for (‘ai-ly fall sowing. Spring variet ic's will kill out in siuh local- 
ities, allliougli abiiiidaully able to nialro a go(,d stail when ])]anted 
early in the spring, Varietie.s best ada])ted to wint(*r seeding in the 
Xoriliern Slat(‘s an^ j)orha])S yet to be fx)un(l, and tliis brings us to a 
consideration of tlie s(dee1ion of varieties. 

SELECTION OF VARIETJES. 

In considering this (piestiou xierliaps one of the first things to bear 
in mind is tho utter uselessness of giving any attention to aunounco- 
ments made by certain quack seed grov.ers of new varieties that make 
such astonishing yields as 50 to GO bushels per acre whore the fann- 
er’s best average before had been only 25 bnsliels. The very fact of 
such a claim being made fur a variety at once stamps it as a fraud. 
Besides the exaggerated clai ms made for the new variety, there is always 
an excessive charge of perhaps §15 per bushel, which is generally a 
second evidence of fraud. It is a matter of i cgret that reliable seeds- 
men are occasionally compelled to compete with such men. WLat- 
evei' may be in store for the future imijrovemcnt of cereals (and the 
writci- believes there is much), there is not at present a known variety 
in the world that will, of itself, without i)roi)er attention to rational 
methods of farming, give an excess yield over other varieties of as 
much as 25 bushels, or in fact of as much as even 10 bushels. Nor 
can any variety be so much better than others in this respect, us to 
justify a price of §15 per bushel — a price which many fai'iners have 
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paid. It is the recognized province of the experiment station in each 
State to delornnne what varieties are best adapted to particular locali- 
ties in the State, and if they are not informed as to such matters others 
are not likely to be. 

The judicious s<deciie.ii of varieties is a matter of much imijortance. 
There are, no doubt, certain scientific principles which, if better 
known, could be almost Avholly and safely relied ui)ou in choosing 
varieties for certain localities. Even with onr present knowledge 
much may be gained in fuluj*o by jiroper attention to such matters. 
Having given sfiecial study to this subject for a number of years, the 
writer feels justified in presenting the following comdiisions with a 
fair degree of assurance: 

(1) There are three great groups of wheats with whi(d\ this country 
is particularly concerned : (a) The soft bread wlieats, {h) the hard bread 
wheats, and (c) the diiriniis, or macaroni wheats. 

(2) Dividing the ITnited States crosswisi^ into three divisions of 
approximately equal width, tlie three wheat grouxis may, in a j*ough 
way, bo assigned, a(*oording to their adaptability, to tliese three divi- 
sions as follows: {(t) Tlie hard wheats to the Nortliern StaUis, (/>) the 
soft wheats to the States in middle latitudes, and (c) the dunnns to 
the Southern States. In actual experience sucli distribution is, of 
course, not exactly attaiiunl, Ix^cause the duruins arc but litihi grown 
in this country. Wlnui tried here, however, they do best in southern 
latitudes, as, for iustanee, in Texas, wliero have }>een grown 
with success; and, moreover, the hard and soft bread wlumts are 
grown interchangeably as to latitude. However, the general <Iistri- 
bution of the three groui)s is about as above. 

(li) The terms most commonly applied to the three groux>s an^ hard 
wheat.s, soft wheats, and diirums. The last named are also lianl 
wheals, but are vei*y dilTerent in charactei* from the first groiij). 
The soft wheats are called <;lub, square head, white, clc. 

(4) The hard wheats are, as a rule, haidy and (^speciaUy drought- 
resistiint. They resist tlie oraiige-Jeaf rust {Uredo rubiijo-vera) quite 
well, are iierfectly ada})ted to i-oller milling, and contain a largo per 
cent of gluten, thus making the be^st bread. 

(5) For tlie general market, therefore, special atlontion should bo 
given to raising these hard wheats, hlo ordinary bread wheat does 
well in the extreme South, but there should he greater effort to x)ush 
hard vdieats into middle latitudes, such as in Kansas, Missouri, Ohio, 
southern Illinois, and Indiana. This has already been done to some 
extent and should be continued. 

(6) In foreign markets Kansas hard winter wheat flour has already 
gained a reputation distinctively its own, and is classed by some as 
next to the best ITungarian gi^ades in quality. 

(7) * The sooner millers make a more general use of hard wheats the 
better, for these are sure to be the varieties most in demand and those 
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which will grow most successfully in the greater portion of the wheat 
belt. It is little more than a decade since hard wheats were rarely 
seen in the region south of Iowa and Nebmska, but now they are the 
kinds generally grown in the States of the jdaius. 

(8) Much of the work of adapting hard wln’iats to middle latitudes 
has been done by acclimatizing northern spring varieties, thereby grad- 
ually changing tlxein to winter sorts, but it is a question whether it is 
not better to introduce hard winter vaj*ieti(is direct-. 

(9) As befoi^e stated, the finest class of bn^ad wheats in th(5 world is 
grown in southeast Russia. As this region is characterized by a <leep, 
black earth (“(diernozein”), an arid climate, long and severe winiers, 
and hot, dry summe.j*s — conditions very similar to those whicli prevail 
in our own wheat l)clt — these wheats should by all means be more exten- 
sively tested in the. United States than they have been. The wheats in 
question are both winter and spring-sown varieties. The plants can 
be readily distinguished at some distance when grown with dilferent 
varieties in small jilats, as they are dark green; slender; with long, 
narrow leaves; small, narrow, compressed heads; small, very hard, red 
graiiivS, and often (in spring varieties) have a velvety surface. The 
Turkey, Ames, various sorts called Odessa, Meekins, Moiinonite, 
Krimsh, Do Theisso, Girka, Rudapest, etc., arc oxamides of such 
varieties. The high-grade (liubut wheats of southern Argentina are 
also of much the same (luality, 

(10) The average per cent of diy gluten contained in ordinary bread 
wheats is about 10, but many of these hard Russian sorts contain 
over 14 per cent. 

(11) Hard wheats do not usually give remarkable yields, but their 
average for a series of years will often ex(»ecd that of soft wheats, 
and they almost invariably weigh more ijcr bushel. 

VARIETIES FOR SrECUAb I’URPOSES. 

In wheat growing it is of inqmrtance to note tluit <?ertain kinds of 
wheat are l>ost adapted for certain uses. As already stated, the hard 
wheats, as a rule, make the best bread. Tlie kiinl of Hour demanded 
in foreign markets, however, depmuls miicli upon the locality to wliich 
it is exported. It is said, for example, that our northern wheat flour 
is not. as desirable in Oimtral American markets as that made farther 
south. At the Galveston elevators it is claimed that it does not keep 
so well in transit. The bulk of the hard wheats shipped to England 
is nearly alw^ays mixed with soft wheats before grinding. 

The manufacture of macaroni has recently given promise of much 
success in this couutry. It is claimed, however, by some that the 
quality of the Italian pro<luct is unmistakably Ixdbn* than that of tbe 
home product, and that the preference given to tlie latter by many is 
due ehieliy to the difference in price, the Americau brands usually sell- 
ing at 2i cents per package less than the Italian. It is doubtful if there 
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is mwh truth in this, but if so the difference in quality in favor of 
Italian brands is most likely due to the difference in varieties of wheat 
used in the manufacture. In Itiily the durum wheats grown so gener- 
ally in the warm regions near the Mediterranean Sea are used exclu- 
sively for this puri)Ose. It will be seen, therefore, that the further 
eneouragome^t of the macaroni industry in this country will possibly 
develop a considerable home market for durum wheats, wiiich give 
promise of successful growth in the Southern States, especially Texas. 
Investigation will show that American ma-earoui is already finding its 
way into foreign markets. 

In the manufiicture of cra<jkers the best quality of soft white wheat 
flour is required. The great bulk of the flour used for this purjme 
in English factories is imported by them from the St. Louis mills, 
which turn out soft wheat flour mainly. 

(UlOSS BREEDINO OF WHEAT. 

This is a comparatively new feature in agricultural seicnco, but its 
effectiveness in improving the wheat plant is nevertheless now well 
recognized by agrieull urists goiuirally. Some of the besl-k nown varie- 
ties which wore produced by cross breeding and are now firmly fixed 
are those of Pringle and Professor Blount in this country, and Carter 
Bros, in England. In more recent years R. & J. Garton, of England; 
Farrcr, of New South Wales; Professor Saumlcis, of Canada; Prof. 
W. M. Hays, of ilinnesota; A. N. Jones, of Nevr York, and others, have 
in’oduccd in the same way a great number of uexv varieties, most of 
which, however, are not yet sufiicicutly well established to indicate 
what their value will be. Over one hundred of the v arieties prod need 
by Farrcr have been tried by the writer in this country, but most of 
them have succumbed to the severe elimato of our wheat region. As 
a rule, liowev’^er, they show miudi more vigor than the oi’dinary varie- 
ties from that country, and some of them bid fair to cstablisli them- 
selves firmly in the United States as desiralfie varieties. 

Tliero is no doubt avast field for improvement of cereals in this 
way, and it would bo well for the exi>crimcnt stations to give this 
subject more attention. Cross breeding mlds so much vigor, and 
wheat is such a strictly self -fertilizing plant, that it would probably 
bo of much value to at least occasionally practice cross pollination 
even l)etwecn separate plants of the same variety, and thus obtain 
a fresh start, with renewed vigor, from the offspring of such crosses. 
But aside from the general effectiveness of crosi5 breeding there are 
particular cases in which it is of very great value. For instance, if a 
hardy boarded variety which is well adapted to a certain locality and 
a good yielder is crossed with a bald variety of merit, the beards may 
be gotten rid of and the good qualities still retained; or varieties 
which are liiible to rust, but are otherwise good ma}^ be made more rust 
resistant if crossed with a variety possessing this quality. 
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SELECTION OP SEED. 

Many experiments made in recent years show the advantage of 
using large and vigorous seed in growing various field and garden 
croi)s, hut it is only lately that attention is being given to the use of 
such seed in wheat growing. At i)rebcnt experiments are being mmle 
at several different places to lest this i)oirit with reference to wheat, 
thi‘ec gj’ades of seed — small, medium, and large — being used. T(x> 
much attention can not bo given to this subject. ]\Iany choice 
ties ha\^o been develoiied by selecting from a field e<5rtaiu unusu- 
ally good lu'ads, planting the grains of those soi^arately, and there- 
after soloc'tiug the best each year. It has already been satisfactorily 
provcHl that, the old ide.-i that rust-shriveled grains give as good returns 
as large, In^althy ones is (u-roneous. About the year 187G a semihard, 
red variety, known as Grass wlieat (probably an Odessa sort), became 
qiiit(^ popular in northern Kansas, and was widely used for ten or 
twelve years thereafter. However, as the variety Avas iulapted for 
eitlier fall or spring sowing, and the spring-sown croj) Avas always 
infci'ior to the fall-sown, the eoiiseqiience was that two grades were 
])re(1ueed from the one variety. As the fall-soAvn crop bnnight the 
be/ilcr price, it- beeaine the i^ractieo to sell all the Avinter wheat and use 
the Avorst of tln^ spring crop for fall seeding. It was claimed that this 
pra<'ti(‘o made no ditferenco in the quality or quantity of the Aviuter 
Avht‘at, but about 1888 Grass Avheat began losing favor among wheat 
groAvors, having lost much of its original good quality, and finally 
gjive place to Turkey, Fultz, and other varieties. Now, there is no 
d')ubt> lliat the deterioration of this variety Avas due, in great part at 
least, to the c.oiistaTit use of the A' cry infeiaor shriveled spring grain 
for fe.ll seeding. JMany other instain^es of the so-ealled ^‘running out” 
of vari(die8 is proha-bly duo mostly to similar causes. However, CA'cn 
undcM* the best- treatment it is a i)retty well-established fact that 
certain v<‘iru‘lies, AvIum introduced into new localities, Avill in time 
chaiige quite materially in quality of grain. This is especially likely 
to be the case Avith hard noiihern sorts Avhon transferred to AAuriner 
and inoister sonth(‘rn latitudes. Probably the only remedy in such 
cases is to make an oc(*nsi(mal fresh importation of seed. 

The matter of seed scdo<*tion is of such vital importance that inob- 
ably nothing Avoiild bo of more benefit to the AAdieat grower than the 
establishment of special small seed i>lats of, say, 1 to 5 acres, fi\)m 
AA'hieh to select seed each year. Tlie folloAving i>lan is recommended ; 
At harvest time cut from a gomi field a strip of the best portion, first 
eliminating all rye and other foreign heads and largo weed seeils. 
After thrashing the wheat from this strip, grade it by means of a fan- 
ning mill with special sieves made for the lAurposc, so as to obtain 
only the largest and most vigorous grains. Hse the best grade of 
wheat both for sovAung the small plat and for the general crojA the 
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next season. The next year use none of the field crop for seed, but 
after grading the wheat from the small plat, as before, use the very 
best of it for sowing the small plat and all the remainder for sowing 
the large field, and so on from year to year. In this way seed is never 
taken from the general crop, wliich can not bo given tlio same care as 
the small plat, and there is a constant selection of seed, which is more 
and iaoi*e rigid every year. Moreover, thei e is no extra. lalK)r involved, 
except the small amount required for grading the seed oacli year. 

It is stated that systematic seleclion of seed wheat is already being 
practiced by a few Michigan wheat growers, but in jUvSt what way the 
writer can not state, ^ 

DISEASES OF WHEAT. 

SMUTS. 

The subject of cereal smuts and their j^revention has been ])rought 
to the notice of agriculturists so frequently that it will not ])o dis- 
cussed in detail here. It is strange tliat a treatment so siini)le, cheap, 
and efficacious as that with hot water or ])otassiurn sul])hido is jirac- 
ticed so little by farmers, especially in tlu' Northern Stat(\s, where 
bunted wheat is so common that millers comjdain of it constantly. 
All millers in Mimiesola and the Dakotas should absolutely r(*fuse to 
receive bunted wheat, or at least should severely d(H‘k the s(dler. In 
this country there is certainly no longer any jH^asouable excuse for the 
presence of bunt, or stinking smut, as bulletins describing in detail 
the treatment for smuts have been distributed over the entire coun- 
try by the Department of Agriculture and the State oxi)eriinent 
stations. 

The loose smut of wheat has never yielded to these preventives in 
any satisfactory way. Of intei*est. in this connection is tJu' scries of 
experiments conducted by Mr. F. L. Maddox, of Eastlield, Tasmania, 
the result of which may throw nnudi light on the life liistory of loose 
smut and probably show wliy the same pn'ventivos hav(^ failed to be 
as effective, if effective at all, against this smut as against bunt. 

The results derived from the experiment were, briefly, as follows: 
(1) Artificial inoculations of the wheat head with loose smut while 
flowering produced no smut in the head that season, but tlie grains 
when idant-ed produced smutted heads the following season; (2) treat- 
ment of the grains of the inoculated heads with hot water and potas- 
sium sulphide treat merit has no effect in preventing smut the following 
year, though the same treatment was (juite effective with the bunted 
wheat. The natural inference is that in case of the grains from heads 
artificially inoculated with loose smut the fungus, having already 
infected the seed, can not be killed without injuring the grain. These 

* For a further discussion of this topic, see Bolley on “Rational selection of wheat 
for seed/’ Bulletin No. 15, North Dakota Agricultural Experiment Station, April, 
1894. 
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experiments, apparently carefully performed and accompanied as 
usual with sufficient checks, seem not to have been noticed in this 
country. ^ 

RUSTS. 

It must be admitted that as yet there is no preventive or remedy 
for wheat rust, at least as far as combating the rust directly is con- 
cerned. For some time strong efforts have been made in several dif- 
ferent countries (including the field experiments by this Deparment 
for two years) to discover and establish rust-resistant varieties, but 
so far only i)artially successful and rather conflicting results have 
been obtained. It has been found that certain varieties are highly 
resistant the orange-leaf rusi, and tliat some of these varieties are 
fortunately the best bread wheats, being hardy and having hard grains 
with good milling qualities. They are, however, not generally good 
yielders. Even among the varieties of the bread-wheat group a few 
are found to bo s(unewhat rust resistant, but otherwise do not possess 
good qualities, and again quite a number are hardy and productive, but 
are not rust »c\sistant. Varieties that are quite rust resistant in Aus- 
tralia sometimes become badly rusted here, and this is true e\di to a 
greater extent of American sorts in Australia. Hiere ar(i differen- 
ces in J’esistanco of the same variety in different localities in the same 
country. Such variation is most likely due to changes in the consti- 
tution of the i)lant caused by (dianges of climate. Our liard Ameri- 
can-grown Fifes are known to becoint^ much sofier when grown in 
Australia. 

On account of ilie great variuti<Hi and consequent uncertainty in 
the rust resistance of va,rieties, it seems that the production of early 
varieties, that will ripen soon enough to escape the rust, is nearly, if 
not quite, the most important, ftvature in sowing wheat. Our Early 
May (though a rather soft sort), the Rosoworthy and Allora. Spring 
of Australia, and a few .1aj>anese sorts arc worthy of notice in this 
respect. In tlie States of the plains the eai ly varieties have the addi- 
tional advantage of btung more likely to escape shriveling of the grain 
by drought. Besides this, oven the most rust-resistant varieties are 
occasionally much injured during the seasons when the rust is unusu- 
ally bad or the wheat unusually late in ripening. 

The writer is confident, liowcvor, that after all, the orange-leaf rust 
does very little, if any, damage to the grain in this country, although 
perhaps it injures the straw considerably; and that all experiments, 
including the writer’s, heretofore made by botanists in this country 
with a view to prevention or remedies, have been entirely with the 
wrong species of rust. From personal observation and inquiries 
extending over four years, the writer believes the inevitable con- 
clusion is that in all cases of really serious damage to the grain by 
rust the black-stem rust {Puccinia graminis) is the real cause, 
12 a96 32 
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although the other species may also bo present in abundance. In 
such cases the extreme degree of injury is seldom, if over, realized 
by those who are not financially concerned. The grain becomes 
shriveled up to almost nothing in from one to three days, and the 
straw at harvest time is almost rotten and is easily rubbed into 
small bits. The accompanying illustraiion (fig. 130) of healthy and 
shriveled grains of Jones Winter Fife wheat, from two distinct 
localitie.s in Kentucky, harve.sted in 1801, shows the disa.sti’ous 
efTccls of this black-stem ru.st.. Such bla.sting effects, however, 
occur, as a rule, only in southern latitud(>s, but arc occasionally 
seen ill Ohio, Michigan, Indiana, aud southern Illinois. In the 
South the destruction ].s quite oftoii complete, and in such cases 
the fiehls are pastured instead of harve.sted in order to get ns much 
good from them as possilile. In Texas vast districts of some of the 
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best wheat lands of the jihains have been abiuidoned by wlieat gntwers, 
solely on aecount of the destructive effects of tliis imrasitc. So far as 
known, there is no resistance again, st this rust by any variety. Tlio 
very hard dnruras, which are practically proof against orange-leaf rust, 
yield readily to the black-, stem ru.st. As yet the life history of the 
rust in this country is not wholly understood, and until it is there can 
bo but little hope for the .wheat industry in the South. 

On the whole, then, the oulhmk for w'heat culture in this eomitry is 
good, provided proper attent ion he given to the many possible improve- 
ments such as herein suggi'sled. Wheat is just like any other prod- 
uct, in that prices are biidly affected by an ovcrsupiily of a poor 
article. A moderate product ion of a good article, brought about by a 
diveraified and scientific system of farming, with a proper outlet for 
the product, is sure to develop and maintain a profitable industry. 



PRUNING AND TRAINING OF GRAPES. 


By E. G. Lodei\ian, 

Laic AssiHiant IloriicfiUurlst, CurnrU (X, V.) E.rperhnotit Slaliun. 

IKTKoDrCTIOX. 

To olOhi i)00|)lo llio art of llic viaojanlist is a uiyslory; in the 
viiK'yardivSi himself is very fre(|aently ])iizzl(‘(l unless he has studied 
the various modifying eircumsianees and eoudilions whieh (ixert an 
influeiKto upon his vines; and jad, ^vhen the entire sul)j(‘(*t of grax)e 
eiilluro is considered with rr*gard to its underlying and fundamental 
f(‘atares, the mass of mimile details lose their apparent imx>ortanee 
and a f(^w essential facts stand out e](s‘U'ly, forming a framework 
uj)()n whioh tlie livitig and variabh^ nudhods may be arranged with 
due rt‘Si)eet to tlicdr relative importam*o. The haze wliich lias luing 
over Avhat should b(‘ llu' siin]>h‘ ox>(‘rations of pruning and tiuiiiing tho 
grape has diMamraged many from examining into the eoiujiaratively 
easy iiroblem of debnauining the most simjde and economieal line of 
treatment to bo followe.d. 

As the graiievim* is s(Mm growing in wild nature it in found to be a 
vigortius, self -assert ing xdant, steadily ovfu-eoming one obslaele after 
anotlKU’ and fr(M[uently elimbiug to great heights by means of its long, 
shmdf'r biau<du‘s, »liieh are provided with tendrils that enable it to 
r(dain ])()ss(‘ssion of its e\ er-v ideuing domain. When sucli an oner- 
geli(j aiid siK'cessfuI plant is comx>aivd with its dwarfed and geomet- 
j’ieal nciglibor of the vln(*yard, lliere is abundant reason for wonder as 
to how the wild and ranqiant eliild of the woods could be so radically 
transformed into a small, c*omx>act growth, Avhieh evident Ij’ feels its 
commercial iinjiortancc' and (juiet settles down to steady work. Yet, 
tho change can ])(‘ made witli comparative ease, and tho various stox>s 
of tlie oxioratioTi are at lU'esent illustrated in tho numerous eonimer- 
cial vineyards of tbes world. 

The vines of many Italian vineyards have for oenturhvs been trained 
over trees in imitation of the trellis furnished the vines by natur(‘. 
Fig. MO shows this primitive method of grape training. Five or six 
vines arc plajited about ('ach tree, and by means of slakes and strings 
or wire the shoots are carried to the braiudies. Here they are very 
commojily allowed to roam at will, the only innining that is done being 
to cut back more or less of the shoots produced each year. The trees 
arc planted so close together that the vines often extend from on© 
tree to the next, thus forming a eontinuoiis tangle of grape vines and 
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trees. Although this method can scarcely be termed pruning, still 
it is an advance; and the fruit borne is also to a limited extent bene- 
fited by such thinning. Where grapevines are allowed to run over 
arbors, they generally receive similar treatment, but in such cases 
dense foliage is sought more than fine fruit. Such practices are, as 
a rule, wholly unsystematic, and therefore can not be discussed in 
connection with our best methods. 



Fio. 140.— An 1t<alian method of ifrapo training. 


A few terms must be clearly understood before any of the details 
of grape training can be satisfaciorily considered. The following 
definitions explain many terms used in this jirticle: 

A shoot (fig. 141, a) is a green or immature growth less than one 
year old. 

A cane (fig. 141, d) is a matured shoot, as found at the end of one 
year’s growth. 
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An arm (fig. 141, g) is a matured cane, two or more years of age; its 
length and form are not changed from year to year, its office being 
. to produce canes or branches. An arm is also frequently called a 
** cordon,” especially by Europeans; the cordon is spoken of as hori- 
zontal, vertical, or oblique, depending upon the direction in which it 
lies on the trellis. 

A branch (fig. 141, h) is an arm which varies in form and length 
from year to year, being modified by the addition of sx»urs, or by the 
cutting away of older portions of its body.^ It is commonly composed 
of spurs more than one year old. 

A spur (fig. 141, h) is a shortened or pruned cane, generally bearing 
only from one to four buds; if cut longer, such a portion is commonly 
spoken of as a cane and not as a sj)ur. 

Spurring refers to the operation of cutting back a (?ane to the length 
of a spur. 



Stem, or trunk (fig. 141, /), refers to that portion of t!ie vine found 
below the origin of t he lowest arms or ])rauch ; it extends to the ground. 
In the Kiiiffiu system, the stem pru]>er generally extends to the top 
wire of the t rellis. 

7'he operation of pruningthe vine is performed for the solo purpose 
of removing such wood as will not bear, or such as is supposed to 
interfere with the production of the finest crop of fruit that the plant 

’A branch as here dt^ined is equivalent to the term “spur " as used by some 
authors. The majority of writers, however, consider a spur as being a cane <5at 
back to a small number of buds, as defined in the text. It seems desirable to dis- 
tinguish these two parts of the vine. The Germans designate the enlargements 
which result from such repeated cutting back, or “ spurring,” as “ stammknoten” 
(stem knots); this is practically equivalent to a “ branch” as above considered, 
^though in America the enlargements are not commonly seen. 



502 YEARBOOK OF THE U. S. DEPARTMENT OF AOUICULTURB. 


is able to mature. Its primary object, therefore, is to rodnoo the 
amouut of bearing wood and thereby thin tlio fruit so that the roots 
of tlie vines arc not taxed beyond their capacity. 

Fig. 142 represents a vine which has l)ecn systomatieally cut back 
every year, and which is once more ready for its annual pruning, 
Tl)o various portions are l(dterod, i being the stem; gr, the arms; 6, 
spurs; d!, the canes of last year; .y, the jiiatiired shoots of the last 
growing season. Not entering hero ux)oii the subject of renewal, 
which is treated in dc^lail elsewhere, wo w ill assume that the i^runing 
is to bo done only for the purpose of removing sui^erfluous branches. 
All tlio fruit is of course borne upon the shoots which grow from the 
buds now found upon the canes; the canes, thoi’cfore, must bo re- 
moved and not the older wood, for tlio latter sei’ves as the fi‘anu*w'oi‘k 
ui)OU w^hicli the canes are maintained. 



Fig. us.— V ino trained on tho Brocton hisrh rono\v«l py^ tem, ready for pruninpr, as shown by Iho 
cro.ss lines at the bases of the old canes. 


In cutting away the canes, all Avuod Avhich has not imoperly matured 
sliould bo removed,^ and those shoots which have made an excessive 
grow'ili, foriuing ‘^bull canes,” are also undesirable. The medium- 
sized, short- jointed, and well-matured wood is to bo i>referrcd, and 
sucli w^ood only. Yet, some of this wndl-devcloped wood must also 

’ The best instrument to use in grape pruning is a pair of stout, sharp pruning 
shears; a heavy knife will answer the same purpose, but it is not so easily handled. 
A saw is of no use, except for taking out old anus or stems. Summer pruning is 
performed with the aid of a light instrument which readily cuts green tissues; 
common shears are often used, as well as long thin-bladed knives, sickles, etc, A 
ragged cut should always be avoided. 
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be sacrificed, until the amount allowed to remain upon the plant is 
I'educed to the proper proportion. AHSuming that the plant can 
mature the fruit produced by twenty-four buds (the n amber of buds 
left may vary from two to fifty or more), about thirty buds could be 
allowed to develop. These should be uniformly disli ibnted ar(*ording 
to the system of training emidoyed; they may ])e left ui)ou li\ o eaues, 
eacdi cane having six buds, as sliown in the illustnitiou, or the distri- 
bution may be varied according to circumstances. But such is in gen- 
eral tlio metliod adopf-c>d in the vineyard for ostimaliiig the proper 
amount of bearing v:ood to leave upon (‘acli vine. As a result of such 
syslematic i)ruiiing, llui fruit ux)on the vine is larger and more fair; it 
is also imKlueed imn'o regularly, since the maturing of too heavy a 
crop weakens the vim' so llutl it is unable to mature even an av(‘ragc 
amount of fruit the follow ing year. A vine prop<u’ly pruned and fer- 
tilized should bear about the sanu^ amount of fruit each year from the 
time it comes into full bearing. A seer >iid ary benefit derived from 
priming is the rcduci^d stature of the plant. This allows more vines 
to be set uiioii a given pieee of land, and it. enables the w'ork of 
cultivating, spraying, and liarvesting to bo peiforirKMl nnndi more 
easily and iirofitably. 

Training, on the otln'r lujud, is almost wiiol ly a matt<u*of coin^en- 
ienee. It does not aiT<a*t the strength (»f the \in<‘ or the value of the 
oro]) in any essential i>articular. The training of a viiu' refers to the 
disposal or arrangemeiil of tlie various ]>arts of tlieviiu* after iiriining 
has taken place. The inelliod of training adopted determines the 
operator to leave (‘ertain growths in certain positions, not b(a*auso 
more or better fruit i.s (‘Xpected, but for the reason, pcrluix>s, t hat the 
fruit may be harvested Avitli greater ease, that a laborious operation 
may be wholly clispeiii'^iHl with, or that tluu'e majMie ](‘ss danger to the 
maturing crop from winds or other natural agmieios. The method of 
t raining adojded by a vineyardisi is largely the result of personal pr<‘f- 
eren<*e, or of education, although soil and variety are important fac- 
tors in the selection of a system. The heal! li and ^'igor of the vine are 
rarely atf(‘cted liy th<‘ met hod in Avliieli it is trained, and although 
some system of training must be ad()X)ted in every vineyard, still alto- 
gether loo much weight has been laid l)y most horticultural wu*i(crs 
uj)on the ])eculiar merits of the various systems, while the caidually 
ruinous otTeehs of l)ad i)runing have not always been suflieiently 
emphasized. A vino properly trained is desirable, but a ] properly 
Ijruned vino is essential to the highest succt^ss. 

The impoi’tanco of this subject necessitates a somewhat detailed 
statement of the x>rinciplcs which are vitally eoniiected with the i^rox>er 
X>riinjng of the vine. These i>rinciplcs serve also as the foundation 
for all systems of training, and tliey can not be ignored without more 
or less injury to the x>lauts. 

(1) The amount of fruit which a vine can bear and mature in 
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highest perfection is limited; when this limit is exceeded the fruit 
deteriorates. 

(2) Upon the fruit the effect of overproduction is to reduce the size 
of the berries and of the clusters, and probably also to impair the 
quality; tlie vine makes a poor growth, the foliage is small, and the 
vigor of the plant is generally reduced. When a vine has been allowed 
to overbear, especially when it is young, years may sometimes be 
required before the vine returns to its normal condition. 

(3) A plant which is carrying less fruit than it is capable of matur- 
ing generally produces a very heavy foliage and an excess of wood. 
This may probably be exidained by the supposition that the energies 
of the plant are directed almost entirely to vegetative activity. 

(4) The most difficult and important feature of grape pruning is to 
be able to judge of the kind and amount of wood which should bo 
allowed to remain uijori the plant. This amount is dependent upon 
soil, variety, climate, character of the season, and to a limited extent 
upon the method of training. The paramount imj)ort.aiice of having 
a properly balancMid toj) and root systcun is most/ fully realized by 
American vineyardists of long experience. Years of st udy, especially 
the study of the variety of grape and of the soil upon which it is grow- 
ing, are brought to bear upon each individual vine when it, is pruned, 
and in no direction can the skill of the virieyai’dist be jiiore clearly 
demonstrated than in questions regarding the amount and kind of 
bearing wood that is allowed to remain. No laile-of-thumb will cover 
a living and sensitive organism like the grapevine; in pruning, judg- 
ment must be exercised at almost every step. But it is fortunate that 
considerable variation may be allowed without serious consefjiieiKjes, 
or the profitable culture of t he grape would inde(jd be a hopeless task. 
Yet, the less the reliance placed upon this allowed variation the better 
will be the vine. 

(5) All the fruit of the vine in any one year is borne upo7i the shoots 
of that year, which grow from the canes produc<‘d the ])rcceding year; 
and since the number of clustervS borne upon a single shoot is fairly 
constant (varying generally from on<' t.o three), the number of buds 
left upon a vino when it is pruned determines with considerable accu- 
racy the number of clustoi>i which the vino will i)ossess. These facts 
serve as the chief guides to the operator in the vineyards when esti- 
mating the probable capacity of a vine during the next season of bear- 
ing. Usually more buds are allowed to remain than would be safe if 
each one were sure to bo perfect; an excess of 10 to 20 per cent is gen- 
erally left in New York vineyards to take the places of such buds as 
are imperfect, or of those which become injured. 

(6) line position of the bearing wood upon a vine is of secondary 
importance as regards the effect upon the quantity and quality of the 
fruit; but as a frequent change or renewal of the entire top of the vine 
appears to be desirable, the young bearing wood should be as near 



PBUNINQ AND TRAINING OF GRAPES. 


605 


the root of the plant as circumstances will allow. When the impor- 
tant relation of these essential points to succt^ssful grape growing is 
thoroughly considered, the secondary character of the training of 
the vine becomes apparent. A system of training may become popu- 
lar in a locality simply as the etfect of some trifling cause, and not as 
a result of extended comparisons or experience; it is well understood 
and therefore used. Yet, there is scarcely a system which is not more 
or less modified by the individual grower — so much so that often many 
variations of some well-known method will be found in the same 
locality. Each vineyardist is a stanch supporter of liis own method, 
and the conclusion which one must necessarily reach is f liat the grower 
is the main factor, the system being merely a conv(‘nience capable of 
much variation. Yet, every important gra})e-growiiig district has 
one or more characteristic methods of training its grapevines. This 
plainly shows that such methods are well suited to the locality and to 
the varieties of grai3es grown there. For this reason they deserve 
study, as well as comparison ^vith other methods in successful use. 
When the advantages and disadvantagOKS of the various typical 
systems are once well understood, if is a comparatively easy matter to 
select one which will prove snccjessful oven under peculiar circum- 
stanc 5 es. In case of nectessity an entirely new method may be adopted 
to suit the requirements of a certain locality; all that is essential is to 
adapt the system to the principles slated above and to limit all modi- 
fications in accordance with them. 

METHODS OF TRAINING. 

The systems at present in use for training the grape are many, but 
fortunately they may be i ihIikmmI to a much smaller number of type 
forms. These ty[)es, for convenience, 11013^ again be separated into 
three general groups; although this subdivision is not as logical as 
might 1)0 ih'sircd, on account of several inlcrmediato forms, it still 
assists admii*abl.v in showing tlie relalionsliij>s of the various forms, 
and it will serve as tin* basis for the discussion following. 

The groups a?(* jn’iiiiarih^ vseparated frem each other b^' a single 
character, viz, the }K)sition of the fruiting portion of the bearing 
shoots. This portion may be trained in directions: {a) Upward, 
forming the upright .s^^steins; {h) horizontally, formiiig the horizontal 
systems; (c) downward, forming the pendent, or drooping, s^^steius.^ 

(a) The Upright Systems. 

The class comprising the upright systems of grape ti‘aining includes 
a larger number and a greater variety of methods than either of the 
other groups. The forms var})^ also in comph^xity to sucli an extent 

‘ This classification was first made in Bailey’s American Grape Training, 1S98. 
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that the simplest as well as the most complicated systems may hate 
be found. A thorougli understanding of the latter may be much 
more easily obtained if tlie simpler forms are first considered. Sum- 
mer pruning is not practiced in any of the American systems of this 
groui) in common use. 


THU STAKK, OU T’UST, SYSTEMS. 

These systems belong almost entirely to the upright group, there 
being but one or two forms Avhich should be eisi^wlicre classed. The 
stake systems are particularly popular in Europe and in California, 
the European grape, in outdoor culture, being wry eommonly trained 
in this maimer. 

The influence of the soil upon tlie vigor of plants of the same vari- 
ety of grape can scar(*ely be ov(‘resti mail'd. lT])on rich soils a ramx)- 
aiil growth is produced, while on i>oorer land the x^hmts become more 
or less dwarfed. Tliis variation in the sizi^ of the jilants causes the 
systems of training t he saim^ varh'ty of grape to vary in diirereut locali- 
ties. It is upon tlie less fcHile land or wilh veak-growing vai'ieties 
that the stakes arc x^^l^ioixially employed. TJio vines gnnNing in the 
high altitudes of the Alps are often CTceeedingly dwarfed, so much so 
that, the number of buds uxioii a idant is frequeiifly reduced to only 
two or three. The annual growth is also triiling, not aggregating 
more than 3 or 4 feet during a season. In sueli eases the vines have 
but one stem and no arms; the (*anes are regularly en1 back to nno or 
two buds, and the shoots produced by tliese arc lied to slakes driven 
into the ground. Tlic growth is ther(*fore practically all upward, 
and the fruit hangs near the surface of tlie soil. 

IJl)on richer land the shai>e of Hie idant is modified considerably, 
but the same ])riiiciple.s are apidied in training. Instead of having a 
simple stem, from the bq) of which one or moiHj s])oots are allowed to 
grow, the stem at its summit divides ini o a vaiying number of branches. 
Fig. 143 shows a vine grown in this nianiier. 1'he shoots are trained 
in ditferent ways in ditTerent localities. They may bo merely tied 
together, as show'ii in the illuslration, or the shoots of one plant may 
be fastened in the same manner to slioots from other jilants, as is done 
in the Miramont system. Stakes are most frt'quent.ly driven into the 
soil, and those serv^e as siixiiiorts to the upright growing shoots. 

The lengtli of the stem also varii's considerably in different local- 
ities. In the vineyards about Provence, Franco, the branching is 
produced almost at tlie surface of the ground, and when the vine is 
pruned the parts above ground show irregular somewiuit star-sliaped 
masses of wood; the stubs of the shortened canes extend upward 
from these short, sprawling brandies. In Beaiijolais the branch- 
ing lakes place several inches above the surface of the ground; 
and in Languedoc the stem is still longer, as shown in fig, 148. These 
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systems are sometimes referred to as tlio ‘‘goblet” systems, since 
when the shoots are tied together the idant bears a (*eriain resemblance 
to snch a glass. As a rule, these vines make comparatively little 
growth, and the caiics arc severely cut back each year. 

The more vigorous American vineyards can not bo trained satis- 
factorily in this luaniicr; even Avhen some of the weaker sorts are to 
be grown ui)on stakes lieavier and longer pieces are neeessjuy. These 
posts may bo set at iiilc'rvals of G or 8 feel eaeh way and firmly plae(‘d 
in the ground. Since the canes are left fairly long in this country, 
they are frequently 
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ent systems. The number of ijendent euiies will vary with dilTerent 
varitities; nearlj’' all the shoots of the Delaware grape grow downward 
under such circumstances, while the Catawba possesses a much more 
upright tendeney. The Delaware grape and other moderate growers 
are more successfully trained in this manner, but the vigorous sorts 
of the Concord type do not readily allow themselves to be confined 
in such close quarters. 

Another system of post- training differs radically from the above. 


Ftn.l43--An iipri^jht fiystom of fcra])^ training comronnly 
srcii in Eiirop(.‘Jin vim yards. 
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Instead of being spurred or branched near the sujfaoe of the soil, the 
stem is carried upward in a.spiral to the toj) of the post, and the short 
arms, of which there are generally two or more, are formed at the 
summit. The canes are cut back to the desired number of buds, and 
the shoots grow freely downward. This system, which is followed in 
some parts of western Michigan, really should be included in the third 
class, but as it is commonly known as a variety of the post system it 
is here considered with the others. 

Leaving these simple systems, in which the method of training pre- 
sents no complicated features, a much more complex group will be 
considered. The shoots are still trained upward, but their position 
is, theoretically, detoi*mined with almost mathematical precision. 

THE HORIZONTAL ARM SPUR, OR FULLER, SYSTEM. 

This system presents tlie above features in a particularlj^ formal 
manner, and when the details of this method are fulJy mastered the 
other systems present no special difiieiillies. It is not so fully dis- 
cussed on account of its wide use (for, as a matter of fact, tlio hori- 
zontal arm spur system is little in favor among vineyardists), but rather 
because it offers an op]>ortunity to show in an almost ideal manner 
most of the ixnnts which arise In connection with nearly all the other 
systems in this as well as in the other two groups. Its ])riucipal merit 
therefore lies in its value for illustrative purposes. 

When a grapevine is first set in a vineyard, it closely resembles the 
plant shown in fig. 144. Such a rooted cutting may be one or two 
years old, the former being preferable in the majority of (*ases. The 
cane is cut back to two buds, and during tlie first season its shoots are 
allowed to lie prone upon the surface of the soil. 

Assuming that all the pruning is done a short time before the arrival 
of the growing season, at the beginning of tiro second year the newly 
set vine will have a well-established root system and two canes of vary- 
ing length. The weaker of t lie.so canes should now be removed entirely 
and the other sliould be cut back so that it j’eniains about 18 inches in 
length. If cut in this manner, the cane is sufficiently long to reach 
to the lowest wire when the trellis is made. Jly some, however, the 
cane is again cut back to two buds, as in the preceding year. This 
causes the stem to branch near the surface of the ground, instead of 
at the lowest wire. Either method may be followed to advantage, 
although single stems render (uiltivatioii more easy. This cane, what- 
ever its length, is to form the stem of the vine, and as thei*e are to be 
two arms, as shown in fig. 142, only two of the strongest shoots 
need be retained after the growths are sufficiently advanced for their 
comparative vigor to be seen. It is better that all the other shoots be 
then removed, so that the two which are to remain may become the 
stronger. But if the unnecessary growths are not removed until the 
following spring no material injury will be done to the vine. 
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At the 'beginning of the third season the vine consists of a root system 
three years old, of a stem mostly two years old, and of two canes grow- 
ing from the upper portion of the stem each one year old. These 
canes should be cut back so that they will not extend farther than 
one-half the distance to the next plants in the same vow; weak-grow- 
ing varieties should be cut back still more, the important point to 
observe being that the amount of wood shall be reduced to such an 
extent that the vine will not overbear. In case the canes destined to 
form the arms are cut so short that they do not extend to the canes of 
the adjoining plant, the shoot springing from the last bud should, the 
fourth season, bo cut long enough to fill its share of the vacant space 
between the vines. 

The trellis should be put in the vineyard during the se<*-ond season, 
although it m^ed not be fin- 
ished. The use of the lower 
wire, which should b(5 from 20 
to24r inches from the ground, 
is desirable, as it allows the 
shoots which are to form the 
permanent arms to grow in 
the x><>^^ition they are to re- 
tain, and the pruning can also 
be more easily done. Two 
other wires should be added 
some time before the hcgiii- 
ning of the next, or third, 
growing season. The sei^oiid 
wire on the trellis sliould be 
about 20 inches above the 
first, and the third an equal 
distance above the second. 

Those distances may re<iuirc Fio. lU.-One-year-oldiv.otod jrrapeouttiny:. 

some change with varieties whicli are exceed ionally weak or strong 
growers. Either No. 10 or No. 12 ungalvanized iron wii*o will answer; 
the former is of especial value when the posts are set far ajiart and in 
jiositions whore an extra strain is put upon the trellis. All the wires 
should be firmly stapled to the windward side of the posts, j^et. the 
wire should be allowed to slip in the staples. 

The posts sliould bo of some durable wood, as cedar, locust, white 
oak, etc. They should be long enough to allow them to be set firmly 
in the ground, and then to stand about 5 feet in height. The distance 
betw^een the posts varies in ditferont vineyards. The vines are set at 
distances varying from 8 by 8 to 10 by K.^ feet, and the posts are so set 
that from two to four vines stand between t wo posts; upon light soils 
the longer interval is none too great, for in sucli cases the vines may 
be set more closely. 
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Tho end posts of each row must be firmly braced, so that they may 
remain upright when the strain upon the wire beconies severe. Many 
methods of bracing are in use. One of tho most common is to drive 
a broad stake firmly in tho ground from 8 to 12 feet from the end post, 
placing it between this posi and the next one in tlio same row. A long 
brace is now made to fit snugly between this stake and a shallow 
notch which may be cut about halfway up t ho post. (See fig. b57. ) If 
tho brace is placed nearer tho top of tho posi, the latter is apt 1o bo 
pulled slowly out of tho gi'ound if a heavy sti’ain is put upon the lop 
wire. Another common method is to brace tlio se(‘ond post in each 
row by runiiinga sirong wire from its tip to the base of the end i>ost. 
Tliis forms a very neat and CiTeetivo niudior. A third method is to 
run the wire from the lop of the end pf)st to a stake driven in the 
ground from 8 to 10 feet lieyond the trcdlis and in line with it. Such 
stakes should, of coiii\se, be driven in a sloping direc tion, so tliat they 
may more easily resist strain. 

The wire is not fastened to the end posts by staples, ns is done in 
the rest of tho vineyard, for it varies eonsidorably in length after liav- 
ing been fastened to tho posts. Tho eold of winter shortens it eoii- 
slderably, and several devices have been invontxsl to avoi^l the strain 
caused by this shrinkage. The weight of the vines also causes tho 
wires to strolcli more or less, and some i)ractical method of t ightening 
them is probably of g]*eater importanec than loosening them for tho 
winter. Some simjilc form of reel, or a i)in whieh may be tiirn('<l wlien 
desired, will answer the imrposo well. Many homemade devices of 
this nature arc now in use, as well as some jiieh an^ i)at(‘nted. Tlie.y 
permit the trellis to bo kept trim and taut at little exp<*nse. A vory 
simple and imictical way is to use (i clamp, j)ulloy, and roi)e for light- 
ening the wire, and then to wind the slack about the post two or three 
times. The end of the wire is finally brought around and wound a 
few times about tho stretched i)ortiou. This method is in common 
use. 

Alihough these directions refer particularly to making a trellis for 
vines trained uixm the horizontal arm spur system, they still ai)ply 
in many respccls to other forms of tho upright syst('ins. Whatever 
may be the method of training a vino, in building a ti’cllis it must be 
Temembered that the fruit is borne near tlie base of tho shoots (fig. 
141), generally within a space of about 18 inches from their poinL of 
origin. Consequently, it is at this point that ample support should 
be given. In the horizontal arm spur system tho bulk of the fruit 
is of necessity borne between the two lower wires, and these bear a 
large portion of its weight. Tho burden is at first onlj?^ partially 
shared by tho third wire, but as the shoots are generally allowed to 
grow without check they soon cover the trellis, and tho total weight 
of the vine is very evenly distributed. 

Let us now return to tho pruned vine at tho beginning of its third 
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soa»on^s growth. Tho two ofinos which are to forio ilui arins liave been 
properly shortened and tied to the lowest wire by moans of some soft, 
strong cord; willow shoots are often used. The Inids (fig. Ill , 1) upon 
the canes arc soon pusliCMl into rapid growth, and the shoots (s) are at 
first heavy and easily broken by winds. Tliis is a crll i(*nl p(n*Iod in a 
vinc'3'ard, for the loss of the shoots jneans the loss of the fruit for that 
season. As soon, tlun-ebirc, as llio growths are long enough to reach 
the vsccond w'ir(3 th<‘ 3 " are lied to it, and llio croi) brought into 

comi)arative safety. It may lie nc'ccssary to go through llu^ yiiKivurd 
two or three tiin(‘S in ordiu* 1o all tlic shoots, but unh‘ss the 

Avork is llioroughly don<3 llie hr-^ses may be very gi'eal. The material 
used in this ‘Ssiunmer lying,’’ as the work is eommonl}" called, ma\’‘ 
consist of any soft substaino w]ii<*h is not too strong or too duralde; 
grass, straw', bast fiber, ra[»hia, and similar mat(‘rials are 
emph'j’od. Tlu'}’ servo to linld tbc shoots in iilaee, yet when tho vines 
are pi*un<*d the}' do not iuterlVi*e soriousU' with the j-emoval of tlie 
severed canes from the trellis. 

After the shoots iiave been ti(Ml to the .second wire, tlnw are gener- 
ally alhoM'd to take eai'C of theniMdx <‘s. ^lost of tln iii roach tho 
third w'ir<\ cjkI from this tlu\v ma\’ droop ov<‘r even to tln^ ground, or 
t]H\v may start to follow an\ of the thn'o wiios. Slimmer ])nining is 
rarelx' jiraelieed. 

Tho lioavi(‘st annuarp^'nning of IhcAim^ 1;^ done ilnrlng the months 
of the 3 'earwlicn tho xilonls arn* dormant. In some Ibiropean gardens 
the Avork is jiraetieall}^ done twice. Tlu' first pruning tak(‘S jdaoc in 
the fall, after the foliage has di'Op] rjd ; this work is done b\' an expert 
and the cam^s are cut to the jirotici* mimb(*r of buds. Hut inst(‘ad of 
cutting Avithin a (|iiart<M* «»r half incJi from theliM'minal ]>nd left upon 
oa(di <*ano, the hmgth of tlu‘ wood xn’ojecting b<\vond these teriuinal 
bud.s maybe - or o inches. Then the following si»riiig (dn^ap labor 
is emploA'od to remove the long stubs h‘ft ilu^ preecMling autumn, and 
tho ])nining is fvmiphde. 

In Ameriea, the A'ines are most (‘onnuonly iirinu^d in earl}'^ spring, 
before tho first heavy floxv of sap. In certain si'clions, as in Aveslern 
Ncav York, not A^ery iiuich thought is given as to Avlieihcr the vines 
will “bleed” or not.. This iudiirereiieo is fre<im*ntl\' (airrk-d so far 
that the bulk of the ])ruuing is done A\hen the lloAV of sap is the heav- 
iest, ami tho treated vines los<x such enormous <iuantities of sap that 
they appear as if dripx^ing fiom a hoav y slioAver. No ill ctTects appear 
to liaA'o resulted from siicli pi*aetices, and the bleeding lias liad but 
little iiiflucnco in determining the season of i>rmiing. A viuoA^ardist, 
hoAA’cvcr, Avill be on the safe side in pruning his vinos before they aaIII 
bleed. 

Pruning a \dnoyard, as practiced in the Ea^t, ma}” ]>e, divided into 
Iavo distinct processes, “blocking” and “stripping.” Blocking coh- 
sisls of imuiilng a vine as nearl^^ as possible without Uie removal <i£ 
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any of the brush. It requires long exijenence to do the work rapidly 
and well. The pruner estimates the probable capacity of the vine, 
compares the values of the canes which may serve as bearing wood 
the next season, removes those w^hich are least desirable, and shortens 
to their proper length those which are to remain. 

Stripping, as its name suggests, consists in forcibly tearing off the 
trellis the severed parts of the vines. These are thrown between 
the rows, to be removed either by wagon or b}" dragging through the 
vineyard a pole, 1 8 to 25 feet in length, by moans of a chain attached 
to it at a point about (J feet from one end. B^' this latler contrivance 
nearly every cane is caught up. 

Although these two terms apply more particularly to the methods 


commonly practiced in Eastern vin(\yards, they also 
stand for similar processes whore a vineyard trained 

T in system is under treat- 

^stem th(^ blockijig of the 
/ vines is a (ioiuparative- 
1}^ onny matter. As- 
suming that the vines 
thus far considered in 
detail have passed 
their third season of 
growth and are in 
readiness for their next 
priming, the work is 
done as follows: The 
canes which have been 
matured from tlie buds 
upon the arms of tlie 
vine mnst he spurred 
ba(*k to about two buds 
each (tig. HI, h). This 

Pig. 145.~AniiuaIly iHiiKthoning braiir‘h dou!)les tluj nUinlJCr of 


buds upon the plant as <Mnnx)arcd with tho prece<ling year, an<l conse- 
quently doubles the yield for the fourth year. In (*ase the arms from 
adjoining plants do not extend to each other, the (^ane formed from 
the last bud upon the arrrjs must }>e ])cnt down to the lower wire and 
tied so as to extend tlie arm to the desired length. The framework of 
the vino is then complete, and after sti*ix)ping, the vineyard is ready 
for its growth of the fourth season. 

The pruning for the fiftli season is practically the same as for the 
fourth. There are, however, two canes to be shortened where last year 
there was but one. The buds may be reduced to the same number as 
before by cutting one cane away entirely and reducing the other to 
two buds, or the numbei may be increased by hniving both canes. In 
this way the number of buds may be controlled at will. 
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After the capacity of tlie vineyard has been determined, the prun- 
ing becomes a less difficult operation. The canes are each year cut 
back to the same number of buds, as already described. But the 
continually lengthening branches (fig. 141, h) soon become unsightly, 
and they must be renewed by young shoots from their bases. Fig. 
145 shows a branch three years of age. Occasionally the branches 
are allowed to become much longer and much more irregular. On 
this account the system has not become very popular, although, theo- 
retically, it is one of the best. 

THE HIOH KENFWAL SYSTEM. 

Thia system is very similar to the preceding; it is in fact a modifi- 
cation, which allows the general plan of the horizontal arm system to 
be used successfull}" in largo vineyards, and it is almost the only one 
in use in the many vineyards of the lake region of central New York. 
The essential improvement in this system consists in the use of canes 



Fig. 14<) — PruiiH<l vino trained on hi^h ronewnl system. 


in place of the permanent arms above described. Fig. 14(3 represents 
alHwingviiio trained in this manner, and at first sight it will be seen 
to possess many features of the horizontal arm spur systeju. But 
closer examination shows that the ]Kn*mauent> arm (g), if it may be so 
<iulled (it is frequently a spur), is extremely short, while horizontally 
placed canes {d) extend nearly halfwaj' to the next plant. From 
these canes the bearing shoots are trained upward, as in the hori- 
zontal arm system; the shoots are tied to the upper wires in a similar 
manner. Vines trained according to the two systems are frequently 
almost identical in general app4Uiranee. 

Blit the horizontal cane of the high renewal system must each year 
b© replaced or renewed by another, and special provision must be 
made that such a cane may always be present when it is wanted. 
These canes are commonly produced from the very short arms (fig. 
146, g) or from spurs b, which ai*o left at the top of the stem of the 
12 a96 33 
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vine. The number of these spurs may vary from one to four, dei)en(l- 
ing upon the riehness of the soil and the vigor of the variety.. As a 
rule, the weaker-growing sorts, or \ines upon fairly light land, are 
most suceessfuliy trained according to this sysiem, and tlie number 
of spurs left each year need not exceed two. Usually no trouble will 
bo experienced in securing two canes from each of these spurs, but 
one cane from each spur, wlieii cut to tlie pro[)er lenglli, will boar a 
snlBcient number of buds for tlio capacity of tlie vine. The other 
canes may bo spunc^d. Upon stronger soils, where more spurs are 
used, the number of canes is increased to llirce, four, or more. In 
such cases two canes may be tie<l horizontally to the lower wire, one 
on each side of the plant; two others are similar]}’' fastened to tlie 
next- wire above, allhougU they are occasionally tied to the lower wire 
with the first pair. They are alwaj^s xdaeed in a horizontal iiosition. 

The stem of the vine may consist of one part, or it may bo branched. 
Ordinarily it does not braneh until near the lower wir(», and tlieii it 
divides into a varying number of arms and bramdics; tlios<^ with their 
spurs form what is kno\Mi as the ‘‘head” of the vine. The head 
varies exceedingly in form, but it always consists of tlu' shortened 
arms, branehoj., and sjnirs, which bear the canes to lie laid down upon 
the v/ire for friiUing jiurposcs. A very <h‘sirable head is oiu* whi<di 
branelu-s just below 1 lie lovrer wire and has eacii of tluj two aims su{>- 
plicd with twa) or more branches with .sjnirs. The vine sliowm in ftg. 
IK) finsAvers mosrof tlicse J*c(|uiremeuls, and is a fair representative 
of the system. 

The ludlis used for vines trained on the liigh renewal system is 
practically the same as that described for the horizontal arm s]uir 
system. It frcMpnuitly 0 ('(‘urs tliat vigorous varieties are grown upon 
strong land, and, as niucli wood is produced, the tndlis should be so 
moditied that it will support- the heavy weight of fruit and foliagi'. 
In such cases a No. 10 wire w ill be none too heavy, and four wires will 
also ]irove superior to throe. The fourth wire sliould be placed about 
18 inches above the third. Longer posts must also be ns<‘d. 

Summer t 3 ing should begin wiien the shoots rcaidi the wire above 
them. From t.wo to four tyings will bo necessary to i)nt the vinos iu 
tlie best shape, and althongh the last number is rarely given, in lux- 
uriant vineyards the advantages derived will repay the extra cost. I'y 
distiibiiiing the tops as evenly as possible over the trellis, air and snu- 
liglit are more freely admitted and the cost of picking is reduced. The 
pruning of the vino is also made easier, and the growler should take a 
greater pride in his vines w hen he sees them firmly and systematjcally 
attached to their supports. 

THE BROCTON, OR CHAUTAUQUA, SYSTEM. 

This system is the almost exclusive method of training grapes in 
the Chautauqua grape district. Strictly speaking, this method does 
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not belong to tho group kuviaig tlie shootn triiiiK*d upward; fur in the 
Bx'octon fiysiein the slioots may be in a position which would idace 
the system in any of the three grou^hs wliich have been founded upon 
the direction in which the bearing j[M)rtion of tlje shoot is place<]. Yet, 
it is placed iu the first group on account of the close reUtiou wliich 
exists lietwecn lliesc^. nudhods and the high T^*new;il and Ijorizoutal 
ana spur »} stems. 

The eoaditkijjs which ha^^e given rise to the Uructon system are 
soiMCwliat peculiar, and the iriethods indicate .sj[>ecial adapUiiiori to 
local requii-emealH. lJro<*lon is th<* center of the gra^xj-growing indus- 
try of Chautauqua tbimty, N. Y., and the land surrouiidingthe village 
is iiotablj' fort iie. The Ibneord grape makes a 'w ouderf ill gj'owth upon 
certain soils of the lo(*ality, and the most c^)Uimou way of checking 
the exei‘Sshe vigor of the plant is to leave a great number of buds 
on the vines v.hcn pi’uning. It is no unusual sight to seo a iiruned 
vine with lifl^^ or sixl^' buds upon the canes, and in some ran? c:ises 
even a gi'catcr nuinbcj* may be left. If this number of Imds wne to 
be left upon vines tra-buHl acctn*ding to any of llie preceding sysiems, 
ii- Would l>e found H<.uiiewliat in<onv<‘iuont to place ail 11n> ^^(K:Kl in 
satisfactory pc.sitions, TJie Ih'ixdon Mstem tends to avoid this ditll- 
culty, and it is Ihc^'ofore one of llie Ix^l systems to adopt for vigor- 
ous a arletii^s g;ro'Aing ujkui strong soils. 

'JTi-e dislingaisiiiag fcalure oi thi' llroetMii systont is tlie jn^dtion of 
the canes. Tliest' art ujn igiil, Inil tlie lowm* jM>rtioii may cxteiul hori- 
zontally akmg a \.ire, to remove the upiigiit- ]>avi farllier from the 
cent (a* of the jdaid, Tlue-.e u]uight can<?s usually extend to the top 
wire of th<‘ trellis, and they vary iu number from two or four to *dght 
or ten, generally <Hie-half of (he eanes iKoiig on (‘cieli side of the plant. 
Each <*auc has fi’om liv<^ to ten bu<!s upon it, so Ibat the total number 
p(‘r ]>lafi1 can be very easily ascvOdaimMl. and a large or smail amt>unt 
of w^)od 1)0 left ui>ou the Irellis as dosing#!. 

Having Ihii.s outlined the general jilan of th^ Jlro(‘jrf)ii sy’stem, tliere 
still j'emajii lo Ik^ distinguishe<l two lyi>es or varielies uhieh ditTer 
from each other cm>ii side raid Ah n matter of <\ouvenien<^e, they will 
Iw given ist^parale names, allhough they still 3‘et4jiin their position aa 
varieties of the rallier vague llroetou system. It will Ik? less eonfus- 
ing if (lie following namcii aie employi'd; The l>ro<*ton horkoiital 
arm system and the r»i*ocb>a high miewal system. 

I'lie ''I>ro<*toii horizontal arm’' system is much like the liorizontal 
am spar sysU^m figured on page 540; the chief differences lue the 
abR?nce of spiu>i and the greasier length of cane in llic Clututauqua 
Biethod. The arm, liowcver, is ix^tained practically as long as in the 
horii&onlal arm spur system. The spurs are almost entirely dropped, 
for generally a saflicient number of eanes can found growing from 
the arm to supply the necessary nunilKH* of biuLs. These canes 
spring directlj’' 11*0111 the old arm which is fastened along the lower 
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wire, and they are out long enough to reach a few inches above the 
upi>er wire of the trellis. Each year the canes of the preceding sea- 
son aiH) entirely removed, being cut close to the arm, and others are 
put up in their places. Spurs can not be entirely avoided, for the 
necessary amount of wood might not always be available; they are, 
however, employed as little as possible. 

The ‘‘Brocton high rcnew^al” system is i>lain]y different from the 
preceding. The system lias for its foundation the high renewal sys- 
tem illustrated on page 513, but it lias developed into a more intricate 
method on account of the greater amount of w ood i*etained. (See fig. 
141.) The number of canes put up is generally from four to eight, 
and these are cut sutficiently long to reach just above the top wire. 
These canes are taken from as near tlie center of tlie head of the 
vine as iiossible, as is done in the ordinary higli renewal system, and 
the number of short arms and spurs is redu(*ed even to a greater 
extent than in the latter sysbun. In fig. 1G2 tlio origin of the canes 
may be clearly distingnished; they may spring from wood that is 
from two to several years of age. The jiriindpal test as to the 
desirability of a cane is not so miieli whether it originates from this 
or that kind of wood, but rather if it is strong, liealthy, and properly 
matured throughout its available portions. For a detailed discus- 
sion of the reii(‘wal of these <^anes, see under ‘‘R(mewal.” 

Many vines may be found in the (^liantauqua vineyards in which 
those two systems api)ear to approach each other. Some vines have 
rather short arms, which are nevertheless permanent, and othei'S 
have them reduced nearly to the dinienHions of lu’anehes. The 
short arms are very often fouml iqKm the lighter soils, or where the 
plants have been too closely set. Tlnsse gradation forms ai*e treated 
practically the same as the typi^s iu regard to methods of renewing, 
l)runijig, tying, etc. 

In pruning, or “ blocking,’’ the vines trained upon either of the Broc- 
ton systems the process is practically the same as described elsewhere. 
The number of buds whicJi the vine is to carry is first estimated. 
T’hen the number of oanes necessary to supply the buds is determined ; 
and the next step is the selection of desirable canes and their pruning 
at the proper point. After the vineyard lias been ‘‘stripped,” the vines 
are seen to consist of stems, arras, brandies, and spurs, and of loose 
canes. The canes must now be tied to the wires. Formerly this was 
done by means of willow twigs, but since 1804 the use of wire for this 
purpose has steadily increased. The wire is applied as follows: The 
top of the cane is pressed away from the operator against the top wire 
of the trellis; the tying wire, which should he a piece of annealed 
No. 18, about 4 inches long, is now placed with its center against 
the cane in a direction parallel with the trellis wire, but a trifle above 
it; with the two thumbs, one on each side of the cane, the tying wire 
is bent forward and downward; the forefingers of each hand now press 
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it still farther down and then bring it backward so that the thumbs 
may again press it upward and over the wire in the position shown in 
fig. 147. This tie is extremely firiii, and, as there are no growing parts 
beyond it, there is no danger of girdling the cane. This method is to 
be commended for Its cheapness, rapidity, and ethcioncy; nor do the 
wires present any serious obstacle to strii)ping the vines. If other 
parts of the vine require tying before the growing season, soft twine 
or willow may be used; such ties should, however, be made loose, else 
the free flow of sap may be obstructed. 

Summer tying of vines trained according to the Broctoii systems is 
entirely avoided. The shoots are allowed to grow as they will. They 
generally find some support in the form of wire, (^aiies, or other shoots 
before much damage is done by wind or rain, and thus a great expense 
is avoided. It is true that the vines do not always j)resent as neat an 
ai)pearance as might be de- 
sired, but in other respe<*t.s 
the systems have much in 
their favor. The f ruitis well 
distributed, well supported, 
and the difliciilti<'s of prun- 
ing jiJid tying ur(‘ redue<Kl to 
a minimum. 

The trellises built for the 
Chautauqua vines have a 
few distinguishing cliara<‘ter- 
isti(*s. The j)osts are made 
long, especially upon rich 
soil, so that they stand fre- 
qinmlly over 0 in height. 

The lower wije is plaeed 
about 30 inclies from the 
ground, the se(*ond from ‘Jl t^) 

30 inches above this. In (*aso three wires are iis<^d, wlihdi is not very 
commonly done, an interval of about 2 feet is left between them, 
bringing the upp('r wire about (> feet friiiu tlui ground. No. 10 wire 
is a good size to use where the growth is heavy, esi)ecially at the tx)p. 



THE aUYOT SYSTEM, 


This sj^stein has some of the features of the post and of the high 
renewal systems. During the fii*8t two years the plants ui-e grown as 
for the horizontal arm system. At the beginning of the third year, 
one cane is spurred back to two buds, the shoots from these buds being 
trained upright to a post. The other cane is cut from 2 to 4 feet long, 
and is then laid down along the lowest wire. The shoots from this 
cane are trained upright to the second wire. Only two wires are com- 
monly used, and these are supported by stakes, one of which is driven 
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into tixe ground at the stem of oach plfmt. At tho close of the third 
year the horizontal arm aud its canes v/hich bore the fruit are entirely 
cut away; one of the upright chines is now I)eufc down to roxdacx) the 
fruiting one, and the other upright cane is cut Imck to two buds. 
This x)roeess is roxwated from year to year, ilie new caiics and shoots 
springing from the spur at the head of Ihe plant. This S3"stem is 
popular in some Fiench vineyards. 

TITOMEllY ANi> CJIAHMEUX SYSTICMS. 

Man}^ other sj'slems uf grape training might be included in this 
gr^ouj). Tlio celebrated sj’stenis of Thomeiy and C^ha-rmeiiK, which are 
well known in Europe, afford interesting examxiles of systematic 
graj)e training. These «3’sleins are forms of the horizontal arm 
8 i)ur s^’^stem; but they are voiy elaborate methods, in Avhich several 
tiers of arms are retained, one above llie other; mucli labor and skill 
arc required to grow vinos in this manner, and in America such train- 
ing is not X)raciioe<i in commercial plantaliotis. ’’Fheso two s^'stcins 
are brioflj’ described under “ llciiewal,’^ page ooO, as ihex are only 
usc<l uith i)laiits grown uj)on walls. 

(/>) The ITojuzoxtae Systi-Ms. 

The systems of gnipe training in wlii(*h the bearing j)ortions of the 
shoots are regular!}’ dispos(‘d in a horiz-ontal posiiion are not- so lui- 
nierotis nor so iiniiortaut as are 1110*^0 deserilxHl under ^‘The ui)right 
s^’stcins.” Nevertheless, some of the s^^stems require dewud lotion. 

A fe\v horizontal arm S3\stems can be fouml in AnwM'ican viiKyaixla. 
The line separating this groui) from others can not l>e shaq>]y drawn, 
and for this reason onl}’ the more l3q)I(*al metluKls will be consideml. 
While it is true that many of the shoots in certain post systems main- 
tain a horizontal x)ositiou (and this applies also more or less to the 
Brocton high renewal and even to some forms of the pendent systems), 
3^et, in only one or t wo cases is sjiecial attention given to this jxunt. 
As a rule, this position is naturally^ assumed by ilio vines without at- 
tention or interference on the x>art of the grower. 

THE AECOit SYSTEM. 

Arbors and similar structures when covered wit h vines x>osses3 many 
bearing shoots which retain a horizontal i)Osilion; but as this result 
is leached without regard to ari}’^ sj^stcra, this entire class of grai^eviues 
may be omitted from detailed discussion. 

Au exeeiition, however, should be made in the case of tiie Scui>- 
pemong grapes of the South. These ea!i Ik? most successfully grown 
only upon arbor-like structures. The vines can not be satisfactorily 
pruned on account of the excessive bleeding which takes place, and 
for this reason the}^ are iierinitted to retain all the growth that is made. 
If part/S are removed b}" fire, no bleeding lakes idaee. 
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The most common practice is to cany tlie stem of llie vine 5 or 6 
feet high, so that there will bo sufiioieut hoadvoom umlcrncath, and 
then to lot it branch as freely" as it will. Th<^ vino hi grown on a hori- 
trellis, and as the area covered by tiie i^lant gradually increases 
froju year to ye?ir, ilic trellis is extended, iiiid eventually one vine may 
cover about a fourth of an acre of land. The trellises aiv. generally 
made of i>osls of thii necessary height and upon them a fmincwork is 
built; old boards, poles, etc., are laid on this. Such a trellis is elieap, 
and it serves its purpose well. 

A continuous arlK)r s>^tem is now in use to a liiiiiled extent in the 
II udson Ki ver Valley. Figs. 148 and 140 sliow plainly the general jdan 
of this unique sys1(‘in. The stem of the yin(3 is carried upward to a 
clistaiieo of 0 or 7 fin t, high enough to allow cultivation umhu'neath 
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with a team. A numlxu’ oC si>urs are retained at this and from 

these the dt'sired inimber of canes is oblaiiied. In the vines illus- 
tratiHi in fig. 149, the nuin]>er of <*aiics left u}>on eiwdi plant is four or 
five; each cane carries from six to eight buds, so that the total num- 
ber of buds j)er plant will be from twoiily-tive to thirty-five. Fig. 148 
shows in what position the bulk of the fruit is borne. The shoots 
extend horijGontaily across the trellis, and although some tying is nec- 
essary to distribute the pruned canes early in the season, the vmes 
require but little further attention. 

The advantages and disadvantages of this system are appaient. 
The pruning of the vines is difficult, as the canes ai*o so high aboA^e 
the gix>und that the operator must st.and uimn some supiwrt in order 
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to reach them* Stripping, tying, and harvesting are also done under 
difficulties. But, on the other hand, the summer work is light, the 
shoots are well distributed, allowing the free entrance of sunlight 
and air, and the fruit is well protected from injury from high winds and 
other causes which tend to injure or disfigure the berries; in fact, the 
fruit grown in this manner is exceptionally fine. 

The rows of posts are placed 8 or 9 feet ai)art, and the plants may 
be set equal distances in the rows. Two vines are grown in the inter- 
val between tln^ posts. The wires, of which there are four or five, are 
fastened at regular intervals to the crosspieces which extend from the 
top of one post to the one opposite in the next row. Every alternate 



Pig. 149.— The continuous arbor system, pruned vines. 


sfjace between the rows remains uncovered, as one arbor supplies 
support for two rows of vines. 


THE CROSS-WIKE SYSTEM. 


The cross-wire system is another method of training which appears 
to bo confined in this countiy to the Hudson River Valley, and even 
there it is used only to a limited extent. But at Juran^on, Basses- 
Pyr^nees, France, this system is regularly followed. IMes are used 
in place of the wires, however. Fig. 150 represents vines trained in 
this manner. The stem of the vine is about 7 feet long, as in the pre- 
ceding method. At its summit are the branches and spurs, but the 
number of canes annually retained upon them is only four. One 
cane is tied to each of the wires which extend in four directions from 
the post to which the stem of the vine is fastened. The posts are 
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set at intervals of 8 or 9 feet each way, and two wires which cross 
each other at right angles are fastened at the top of each post. This 
system does not, strictly speaking, belong to this group, for 'with some 
varieties the bearing shoots are mostly pendent, although with others 
many follow the wires and thus continue in a liorizonlal direction. 
Its general features, however, so closely resemble those of the contin- 
uous arl>or system that the two are placed together. Tin- advantages 



The overhead arbor Knillin, or Caywood, system belongs to this 
group, as the bearing portions of nearly all the shoots rtunain in a 
horizontal position. (For a discuasion of the true Kniffiii system, see 
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page 529, ) The wysU^m is plainly intorinediato between the two preced- 
ing forms, ns showix in fig. 151. Tall posts alieraiate in the rows with 
tlio vines, and near the top of each post is firmly fastened a crosw- 
1)1(300 wliicli serves as a support for the wires. This piece is Hl)Out 8 
feet in length, and about G fei^t from the ground. Two wires are 
fastened to it, one at each end, and a third is fastened to the post. 
Tluis, there is fornxid a threo-wii'od horizontal trellis which extends 
tin? length of the i-ows. The lioad of the vine is just underneath the 
central wire, and from this point the eaiios I'adiato. Fig. 152 repre- 
sents the t-op of an iinpruned vine, while fig. 153 shows the same after 
priming. The canes are lakct^from the short arms and branches 
wliiidi form Hio head, and after pruning they are fastmied in different 
direi^tions to the vines. Tlie number of buds divsired upon the i)lant 
controls the number and leiigtli of the I'anes. 

Il would naturally apjiear that the shoots wliicdi spring from the 
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canes would droop and swing free below the trellis. Many of them dg ’ 
eventually assume this positiuu, but the bulk of Die bearing wood 
remains on the wires. . 

The overhead Kniffiii system has seviu’al points in its favor. The 
wood and fruit arc iiiostl}" out of liarm’s way, and the ground below 
is left free for occiipatioii by other crops. Fig. 151 shows how cur- 
rants are grown between the rows of vinos; in such cases, of course, 
the land must be heavily fertilized to prevent injury to either crop. 
The disadvantages of the method have already been considered in 
connection with the preceding system. 

THE MUXSON SYSTEM. 

The Munson system is a modification of tlie overhead Kniffln. In- 
stead of using only one post- to support the crosspiece u^xoii which the 
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wires two are set in; these posts are in contact at iheir lower end, 
but they diverge bo that at the top they are about 3 feet apart. A 
wire is stret»ched along the upper ends of cjich of these two rows of 
posts, and between thorn, but somewhat lower down, a third one i:i 
j#laeed. It is held in position by a "wiro which is swung betAveeii eaeli 
pair of i)Osts, and which takes the place of the erossiiieco in the oven’- 
head Kniiiiii system. Thefso three wdres therefore form a v-shape<l 
iiellis, uiK)n wliieh the vines rest. As in the preceding system, tlui 
heml of the vine is just below the middle wire, and is fastened to it; 
but the number of buds is distributed among only two to four canes, 
and tlicsi? are all fastened to the central wii'c, and not to ail tlie wij’es 
of the ti'ollis. The 
bearing shoots at 
ih'st grow uprigiit, 
but tliey soon bend 
over, and many of 
the growing tips 
liang down from 
the outer uiro. 

The bearing por- 
tion, liov/ever, re- 
mains i)ractieu]]y 
lioi’izouial. 

Tin* only suin- 
mt’r pruning that 
is ])ra(di(*ed is to 
l)ineh oil' the cuds 
of tbe bearing 
sliools after tlio 
plants ha^e blos- 
somed. ♦Summer 
t}ing is also avoid- 
ed, the sliools be- 
ing pulJtd down so lliat tlie growth beyoiul the bearhig portion may 
be pendent. 

The canes w^hicli are each year retained are selected in much the 
same manner as described for the high renewal system (page 513). A 
similar method is followed in the overhead Knillin, as well as in some 
of the systems mentioned in the pendent group. 

run ci^r^TE^'l)EN sysTF^r. 

The Ch'it tendon system is successfully followc<l iu a few \meyards. 
It is practically the same a.s the overlioad Kniffin sysl cm, l)ut difTcrs 
essentially in the height of the posts. One post and crossbar bear 
the three wires. The posts are scai^ely over 4 feet- liigin ami tlio wire 
trellis in some easels is not much more tlian 3 feet from the ground. 



Fi(i. ir#2.—Uii prune J vine truiut d oi; tiie ovc-riuMd Kuilini, or Cuy- 
\\ ood, sy.st'v.'in. 
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The vines fall freely over the side wires, frequently making a very 
dense shade under the trellis; this is of course undesirable on aocount 
of the favorable condition for the development of disease. 

Prof. Hugh N. Starnes, of the Georgia Experiment Station, writes 
that one of the most promising systems for the South is one which com- 
bines certain features of the two preceding systems. Only one post 
is used where two are set according to the Munson system. Across 
the top of this post a crosspiece is fastened, and from this three wires 
are run the length of the trellis. These wires are i)laced in the form 
of a V> ^^d they are carried 0 or 7 feet above th(^ ground. The canes 
which produce the bearing shoots are all trained along the central 

lower wire, in which re- 
s{)cct this system dilTers 
from the overliead Knif- 
fin as generally followed, 

nrOSON UOIilZONTAL SV'STEM, 

Ihis typical form of 
horizontal grape training 
may be found in a niim- 
berof vin<‘yards situated 
near the Hudson River. 
Figs. 154 and 155 illus- 
trate the system clearly. 
The stem of the vine is 
about 15 inches high; 
from its upp<^r })art a 
cane is carricnl to the top 
of the trellis, and then it 
is Ixmt toward one side 
and tied to the top wire 
of the trellis, as shown in 

Pkj, 153.— Pruned vine trained on tho ovt'rhtml Kiiifflii, or fjt,-. 155. It IS made SO 

Cay^vood, ByRt<tn order that the 

plant- may be supplicMJ with a proper number of buds. Th<3 trellis car- 
ries only two wires, the lowest being about feet from the ground; 
the top one about 3 feet above the first. These wires are not designed 
to bear directly the weight of the Amines, but slats are fastened to them, 
and these slats suppoit; much of the weight of the fruit and foliage. 
By examining fig. 154 it will be seen that one slat, a lath being com- 
monly used, is placed on each side of the vine, and about a foot from it. 
The lath is stapled so that only a few inches project below the lower 
Avire, while about a foot extends above tlio upper. 

As the shoots in early summer become long enough to allow of their 
being tied to these upright slats they are so fastened as to be held 
in pi*actically a horizontal posit ion. Fre^piently two more slats are 
used, one being placed about 12 inches from each of those at first put 
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on; eventually the shoots are also tied to these; such upright pieces 
should be considered as forming an integral part of the trellis. They 
are firmly stapled to the wire, and remain there until they decay or 
become broken. 

Tlie head of the vine shown in fig. 154 is of especial interest, since 
it shows the method by which almost the entire bearing portion of the 
vine was girdled. Below the girdled point a!*e three canes, which 
served to sui)p]y the roots with nourishment, and one of them (in this 
ease the lowest on the right-hand side) will be used in forming the new 
top, as shown in fig. 155; the rest is nearly all cut away, only sufficient 
wood being left to 
supply new shoots 
near the top of the 
stem, as had previ- 
ously been done. 

Modifications of 
this system are 
found both in 
American and Eu- 
ropean vineyards. 

Ill the Hudson 
River Valley tin* 
vertical slats arc 
sometimes absent, 
but two or tliree 
extra wires on the 
trellis answer tlio 
same purjKJse. As 
the shoots from the 
Ujiright cane do- 
velop, they cling to 
the wires without 
the aid of summer 
tying, or at most 
but very little of 
this work is done. 

The shoots in (consequence do not assume a iierfectly horizontal posi- 
tion, but they ascend at an angle of about 45'^. Tlu^ bearing portion 
of the vine is nmewed oacli year. 

In ^several of the large vineyards of the Medoc, nemr Bordeaux, 
France, a system is found that is similar, in many respects, to the 
Hudson system. The one essential differiMU'e is that the upright cane 
is there permanent, and it forms a vertical arm, or cordon, which is 
spurred from each side, the spurs being kept as short as possibles 
The shoots >vhieh annually grow from tliese spurs are fastened hori- 
zontally to the wires of the trellis, the number of wires varying from 



Fio 154.— ITupniuod vine traiiiM aeoordiiiK to the Hudaon horizon- 
tal ^Vhtom. 
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imir to mx or more, as the vigor of tho plants may require; lie 
dislaiic© between the wires is from 12 to 15 indies, lliis system m 
equivalent to a vertiaal eordon, a form which is ecmimonly nseil on 
walls and in certain grecnlionses. It lias also boon termed an 
rigiit stock with aiternalo sxnn-s,” the descrji>ti<m of the system being 
fairly well indcided in the name. 

THE LOW JKnnr-'ONTAE SYSTEM. 

Modoc i^palier, or the low horizontal system of Jloj'dcaux, France, 
is one which gives excellent results u])on certain light soils of that 
famous region. The stem of the vino is not more than 10 or 12 inches 
in height (fig. 15G), and at its summit are two sliorl anus with spurs, 
'llio canes arc cut back each year to oim or two buds, and the shoots 
Avhieh grow from these are trained horizonlally, one or two on each 
side of the stem, to a strip of woml or to a wire which extends along 
the rows at a distance of only 15 or IB inches from the ground. A 
jiost is ordinarily idaeed midway between the adjoining vines of the 
same row, and the hoiizoiital siipi>orts a]*o fasbuied to them. WIjcu 
the shoots Jiavo grown so long that they reach tluvse posts, the grow- 
ing tii)S are ]mich<Hl off; this for(»(*s many of tlie axillary buds of the 

shoots ini o growlli, and when these laterals 
have grovii about a foot they are in turn 
l>inc]ied back, so that 1 he fruit may receive 
as large a su 2 i[)ly of sap as i)ossible. The 
instruments used for this summer pruning 
maybe an ordinaiy knife, x>i’iining shears, 
or some other convenient tool; a sickle- 
shapcsl blade is very often used in Franco, 
espt‘eially for cutting the upright standing 
laterals. In the ]Medo(* espalier tlu^ grapes 
arc borne near tlie ground, and this is sup- 
posed to liave a very l)eneficial effect upon 
the quality of the fimit; the temi)erainro 
surroundingthe])eri'iesissaid tobehigluir, 
both ill the daytime and at night, tlian is 
tlio case Avith grape>s borne ui)on higher 
. trellLs(‘S. Some of the finest and most ex- 
Fui. loS.-Pruned vine trained jwj- i>ensi VC wiues of Euroiie are prodiKiod f rom 
cording tf) the Hudson iiorisson- graiies groAvii ill iliis carof ul aiid paiiislak- 

tal system. o j o „ ^ . 

ing manner, for the yudds per acre from 
such Aiiies are not A^cry large. Tliis system is also employed upon soils 
which require larger trellises, but the general plan remains the same, 

THE ANNIH SA'STEM. 

Probably the which is adopted in Annis, Lower Oharente, 

France, biings the shoots nearer to the ground than wsulls from any 
other horizontal training. 'I'he eaiies are each year cut back severely, 
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and as they are Iwrne upon hranehos Unit ro^t aliiu»st upon tho surface 
of the soil the new giwvlhs start from a very low (‘k vation. These 
shoots arc not tied upright, hut they spread out hoi izonlally, oeeux>3"*- 
ing a circular area which may ho from 3 to 5 feet in dlauieler. As a 
rule, they ai^e not supported so as to keep llio foliage and fruit 
alx)VO the surface of tho soil; and they have tlierefore sprawled in all 
directions, lii certain seasons such treatment is folli)we<I l^y sei-ious 
injury to tho fruit, and many losses liavo r(‘sulted. The sysleiu has 
little to cojnmend it, except the almost total aliscmoo of labor as re- 
gards training. 

CHAl'E TUAIMNO I 

Tlie majorily of tlie sysi^nns adox>le<l for traijiing gra 3 )es grown 
under glass and u])Oii vNalls lioloiig In this grouji, hut as this subject 
forms such a natural and separate group) it will he li'ealed ijidepcud- 
ently of the otb(*r .systiMihs (se^) jiage 531). 

(c) Tin: >Sv>T].^j-^. 

TIiosvsUmus induded in th<’ thirtl gi ou]> X)ro]>ahly appri)aeli lli(' nat- 
ural groA\lh of t]i<‘ \ ine jnore clo.soly iJiaii is the oas«' vdtli lliose found 



in oil her of the other two group;-. The shoots aie suspended from 
some sii]>porl, and, it luiail.'Hdied, swing free!}' in eveuy breeze lhat has 
suilioient xiower to stir 1 Ikuii. Their dire(*tion of grtnvl h is downward, 
and if theysuceecvl in fastening tlieinselves to some lived object the 
fruit is firmly supported; this insiinvs x>roteetion to the crop, just as 
effectually as when the lower < 0 * growing Uh‘ sluMit is free, for 

in neither case can the clusters be w]ii])])ed liy winds against any re- 
sisting object, wliicli is a very common source of loss. The yielding 
nature of the shoots insures the safely of the fruit. 

Another apparent advaulnge of tho xiendont systems is their tend- 
ency to check the gn)wt]i of all varieties. In uxu'igh I growing x>lants 
the heaviest flow of Rax> is generally toward the liighest ])arts; even 
the outer buds of a horiz.ontal cane make the strongest shoots. Ilut 
if the end of the cane is bent downwai-d so that the eiitiiH? cane is 
more or less shari)!}" curved the growths from all liie biidvS will be very 
uniform. The vigor of a shoot inaj^ ahso be alfected by clianging the 
direction of its growth. AVhon a ti]) of the shoot is ascending, the 
most rapid growth lakes ud)en tlie ^anio shoot is bent ov^v 
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80 that it becouioa pendent its vegetative aetivity is reduced from two 
causes — a certain amount of constriction is produced when the bend- 
ing takes place, and the flow of sap ceases to be so strong merely on 
account of the position of the shoot. 

It is also asserted that the grapes grown by a pendent system are 
larger and handsomer than when produced by other methods. Con- 
siderable truth may exist in this belief, for the bending of the shoot 
may have an effect; similar to that produce<l by girdling, only it will 
bo less marked; and it is well known that girdling a vine causes the 
berries to become larg(n’ and to rii)en earlier. 

Yet, in spite of tiio above favorable qualities, the drooi)ing or peiid- 
ent systems have not become verj^ popular (dlher in Europe or in 
America, althougli their essential features have long been known. 
That these methods have not proved successful upon i>oor soils or 
with weak-growing varieties may easily be explained by the fact that 
awS strong a growth as possible is desired under such circumstances, 
and no system which materially checks the develoi)meut of the shoots 
can prove profitable. At least such has been the cxpcn’ienccin America, 
and the vineyards of Europe would seem to indicate tliat the same is 
true there also, for witli scarcely an exception th<^ vineyards upon poor 
soils are trained in some upright, system. 

Upon strong land and with vigorous variotios, tlie pendent systems 
are giving exeellent results in various parts of tliis country; in fact, 
they are used in some sections almost exclusively. But, on llie other 
hand, other districts which poss(‘ss apj)aroiUly the same land and varie- 
ties report the systems as total failures. One trouble in Bn(*]i cases 
pro])ably lies in the fact that the ])endeiit systems are iiot thoroughly 
understood ; that too mucli weight is X)hi(*ed upon the statement that such 
training j'educes the total growth of the plants; and that the quality 
of the fruit has nut been improved sufficiently to (‘>ounter])alance the 
loss caused by more severe pruning. 

Theoretically, it would seem that the more abundant the natural 
growth of vine the more are the j>eiuleiit systems to be recommended. 
Yet, in changing to these forms it is wc^ll to keep in miiul tliat tlje same 
soil is still to be dealt with, and also the same varieties of grapes; 
therefore, approximately, the same quantity of wood will be produced 
whatever be the method of training adopted. 

The pendent systems should consequently bo so modified that each 
vine will still bear, when pruned, about as many buds as Avei o allowed 
undej* the old method. Otherwise disastrous results must follow, and 
further, all changes from one system tu another should bo made grad- 
ually, so that the grower may at all times feel that lie holds the key to 
the situation; he should make no radical change without realizing 
fully the effects which in all probability will result. 

America is the home of the pendent grape systems, for, although 
Eurox^e has a few representatives of the group, they are of such minor 
importance that no mention need here be made of them. It is in this 
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country that the use of the systems began in coinniercial plantations, 
and here they have reached their highest development. At present 
they appear to be gradually growing in favor, although as yet the men 
who have adopted them exclusively are comparatively few. 

THE KNIPFIN SYSTEM. 

The best known form of the pendent group is the Kniflfin system, 
and nearly all other forms may bo cmisidei’ed as modifications of it. 
Concord, Niagara, and similar vigorous varieties liave been very suc- 
cessfully trained in this manner. The plants are set 8, 0, or 10 feet 
apart each way, as is done in common I3ra<5t ice. The treatment given 
the young vines will be liett-cu* undei*stood if tlie type of the system 
is kept in mind. Fig. 157 represents 
a pruned vine trained on the true 
Kniffin system, and this is the form 
desired for the plants of the newly 
set A'ineyard. 

The lirst year the young vines are 
allowed to lie upon the ground, luit 
the s<‘Coiid year steps must betaken 
toward forming the permanent top. 

When the vino is ]>runed in early 
spring, only alxnit tw'o vigorous buds 
are allowed to remain, and if one 
strong slioot is obtained that is all 
that is nee.essai;y. Tliese shoots are 
ti’ained to long upright stakes, so 
that the matureil canes may bo in 
thopositiou of the [lermanent .stiuns; 
a trellis is not necessary the second 
year, although it sometimes occurs 
that the vines grow so vig rously 
that tlie top may b<* formed the sec- 
ond summer instead of the third. 

At the beginning of the third year the vines are pruned ordinarily, 
so that the one upright cane extends to the top wire of the trellis, and 
possibly one or two lalerals may be present, but tliese are of minor 
importance. The ])rinci])al object should be to got a strong, well- 
matured, ujiright eane. Some growers do not carry this cane to the 
top wire the third year, but prune it down to the second; the fourth 
season, however, a cane is tied to the top wire. Although the vine 
shown in fig. 157 lias but one stem, some vineyardists prefer to have 
tw:i, as it is said that the growth upon tlie top wire w ill take place at 
the expense of that, on the lower. How much truth there is in tliis 
statement has not been shown, but in actual practice the stem of the 
12 a96 34 



Ficj. 157.--Pruiioil mih’ truiiuMl on tlu* Knif- 
fln hy.stom 
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vino is frequently branched near tho ground; one branch goes to 
the first wire, while tho other extends to tho upper one. This division 
of tho stem should, of cotirse, bo made the second season by allowing 
two shoots to grow from tlio i)runod vino. 

1'he trellis should bo in position before tho beginning of tho third 
season’s growth. Posts, wii’cs, etc., aro used as already described, 
but the wires aro different!}’ arranged. Only two are used in the true 
]\nifiin system. The lower one is jdaced from 3 to 4 foet above the 
ground, and tho second from 24 to 3 feet above tho first. Some fruit 
may bo borne the third year, but too much should not be allowed to 
remain. When the vine is pruned at iho beginning of the fourth sea- 
son, It may bo shaped so as to rcscjublo the one shown in fig. 157. All 
laioralvS exceid. four should bo removed from the main stem. Two of 
lln'so should be near the toj) wire and two nt^ar tho lower. Their 
huiglh will dei^cnd ui)oii circumstances, but gcmerally the upper two 
ai*e cut longer than Mui otlu'rs on account of the stronger grou’tli at 
tln^ upper i)art of tho vine. AVlien tho capacity of the Auiio has been 
cstiiiiatod and tho number of buds to be left is decided ux>on, then 
the length of tho (‘anes may easily be determined. In fig. 157 each 
of th(‘ up])er canes <*arries six buds and each of tho lower four buds, 
mahliig a total of twenty. A proportionate distribution may bo made 
in othoj* cases. 

Tlie canes arc tied to tho wires befoin^ gTowlh begins in the spring, 
and tiK'reaftei* the plants will almost entirely take <*aro of themselves. 
Tl]o young shoots will at first be upright, but later they beud over and 
bc'como pendent. Summer tying is AYholly unuceessary, and all that 
is rcipiired is to go through a vineyard to pull down such shoots as 
have start ( k 1 to grow along a wire instead of hanging doAvnward froiri 
it. Ev<m this wmrk is often neglected, l>ut it is not advisable to do so. 

Summer pruning is also done to a limited extent. When the slnyots 
which hang from the first wire b<‘Corne so long that they interfere Vvitli 
eultivat ion, they are frequently cut back witli a, sickle or similar inst ru- 
ment , and those from the to]) Avire may be severed in a similar manner 
if they shade tho lower gj’OAvth too heaidly. Such pruning is very 
rayyidly performed. 

After the fourth season the vine retains osseniiall}’’ the same form 
from year to year. The plant in fig. 157 was OAa^r tAvonty years of age 
Avlien i)hotograi)hed, and, although crooked and gnarled, it has still 
the same outline that; A\ms giAmn it many years before. 

The umbrella, or lAvo-caiie Kiiiflin, is an important form belonging to 
this group. All the distinguishing features of the true Kuiffin system 
arc present, with the exception that only two canes are left instead of 
four. (Fig. 102.) These canes are also cut longer, since the same 
number of buds must be retained on the plant to prcAmnt the too free 
production of Avood. The lower canes are cut aAvay; the upper ones, 
ea(*h carrying from ten to fifteen buds, are first tied to the top wire, 
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after which they bond downward until they reach the low'er wire, wiion 
they ai’O again tied. The api)earanco of the plant wdien so trained has 
given rise to the term ‘‘umbrella system,” which very appropriately 
designates the method. The general treatment, of the vine in other 
resi>ects is the same as that described under “The Knilliu system.” 

The one-wire Knitfin system is used by few viueyardists. The 
plant is pruned down to tAvo canes, and those are tied on opposite 
sides of the plant to the single wire on the trellis. "Jlie (;anes carry 
from eight to tAvclve buds oacdi. The wire is from 3 to 1 foot above 
the ground, and this allows abundant room for tlio shoots to SAvay 
inth(3 wind. (3i<3apues.s and case of management are claimed for the 
system, but it (^an not be very siu^cessfully used exeejit upon lighter 
lands or Avith AveaK-grovt ing varieties. 

Six and eight e^ane KniiliJi vsysteins have boon described by writers, 
but they are little used. 

TllK SlNtJT.E CANE UrNEWAl. SYSTEM. 

The single eajie renewal is a p^Muilia!* form of the pemdent group 
Avhieh is e]n]3hjyed in (vrlain j)arts of Massiiehn setts. Post and Avire 
trcUlses are used, the lower AAire being fj‘om 2^5 to 3 f(‘et from the 
ground, and the second from 2 to 2.V above the lirst. The head of 
tiie Aino is at the loAV(a' AAiro; each y(‘ur a cane spj'inging from it is 
carried to the up[»er wire and extended until it roacdies the adjoining 
l)lant, the distaiieo between tlie vines Ixdug 0 or 8 feet. All the fruit 
is borne iipcm the sliools Avbich spring from tin* lift .hui or twenty buds 
U])on tJie caiJ<\ 33n\se sliools are xieinhmt and are X)in(*hed at a xioint 
lAvo or threx^ joints ludow tlie 1 oav<‘s1 eluster of fruit. As latc'rals are 
Xiroducod, those are again iiinehed just l)(*yond the first or second 
ex^iandod leaf. This ox)eratioii may l)e X)erforanMi three or four times 
during the summer. The fruit at the same time is tliinued to ou(3 or 
Iavo cdusters to each heaving shoot. A single shoot is iilso grown fi‘om 
the head of the a ine and ti-alinxl on tin* opp(3sito sidfi of tlie plant upon 
the loAver wire, d'liis .slioot is mature<l into v*i cane Avhich is the folloAV- 
ing year trained to the npxior A\ire and alloAved to bear as described. 

The abr)ve sj^stem has lieen modilled b}^ gro\A*ej*s. One of the most 
radical changes is one in wliieh the bearing cane is placed along (he 
Iowan* Avire instead of the upper. 1die bearing- shoots are then trained 
upright, and fastened to iJio socond and third Avircs, there being three 
of those, as in the Ijigh renewal system. Tlu^ next year the cane on 
the oxiposite side of the X)lant bears. In this mauncir only one-half 
of the vine bears each season. 

Wall and Gkeeniiouse Systems. 

The methods of training grapes on aa^iUs and in greenhouses are 
peculiar. Although nearly*” all these s.ystcms may bo (dassed in the 
group having horizontal bearing w ood, a clearei* idea of the various 
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forms may be obtained by treating them as a group especially 
adapted to culture under glass. 

A much smaller number of systems have been described in this group 
than in any of the preceding, and another peculiarity should also be 
noted, that is, that nearly all writers who consider the training of 
grapes under glass hold strong views as to which system is the best, 
each advocating, as a matter of course, the method he follows. Under 
such circumstances it is impossible to say which is absolutely the best 
system. The methods with which a certain gardener may be familiar 
will undoubtedly give better results in his hands than will any with 
which he has had less experience, and heroin probably lies the secret 
of some of the unqualified preferences which may be found among 
growej*s. A novice must therefore select the one or more systems 
which appear to meet his requirements most fully, and then by actual 
practice determine which, if any, gives the best results. Unques- 
tionably one grower may obtain most satisfactory results from a sys- 
tem which in the hands of another is followed by indifferent success. 
At present there is but little choice that may bo based upon purely 
theoretical grounds. Experience has weeded out nearly all systems 
except tliose named below; these may be considered as the ‘‘survival 
of the fittest,” and all are worthy of trial. 

Considerable difficulty has been experienced in selecting proper 
names for the various systems, for many dilferont names have been 
used to designate systems which are practically identical; many un- 
named descriptions have also been published. To avoid confusion 
only the most common and the most suggestive ones have been retained. 

All wall and greenhouse systems have been divided into two general 
classes, the spur and the rod systems; thi^y arc not very sharply de- 
fined. The tyiiical spur systems are mucli more popular than the 
others, although strong advocates of the rod systems may be found. 

THE SHORT SPUR SYSTEM. 

The short spur system is the simplest form of the class in which all 
the canes are cut back to short spurs. The formation of the main 
stem as hero described will also answer for the other systems of the 
class. In spring or autunin, a rooted cutting one or two years of age 
is planted in the border of the greenhoust^ or in one adjoining a wall. 
The plant should be cut back to two or three strong buds. As growth 
commences, only the strongest of the shoots produced by the plant is 
retained, the others being removed as soon as their comparative value 
is noticed. The one remaining shoot is trained straight upward, and 
it may be allowed to grow unchecked throughout the season. The 
laterals which spring from the buds along the lower portion of 
the shoot are generally pinched to one leaf to check their growth. 
When the vine is pruned, they are entirely cut away, although some 
growers remove the laterals first pinched when those next above are 
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stopped. In tliis manner the other buds found upon the cane are pre- 
vented from growing. 

The pruning of grapes grown in houses or on walls is almost invari- 
ably performed as soon as the crop has been removed and the wood is 
well ripened. This clears the houses of all superfluous wood and 
allows the vines, trellises, etc., to bo thoroughly cleaned. The stor- 
age and protection of the tops during winter are also made easier; and 
in case the house is to be used for other ])urposes during the winter 
or spring months there is no useless brush to interfere. 

At the end of the first gi‘owing season the vine should therefore be 
pruned, but different operators do not agree as to the i)roper amount 
of wood to remove. Some out back the year’s growth to a spur, leav- 
ing three or four g(»od buds, as is done in regular vineyard practice. 
The following year the strongest of the shoots from these buds is 
selected foj* forming the main siem; the other shoots are repeatedly 
lunched to keep them short, and they may be allowed to bear one or 
at most two clusters to each vine. By this method the vine Is pre- 
vented fri)m bearing a crop tlu,^ second year, and all danger of weak- 
ening the plant from this cause is avoided. 

The majority of growers jirefer to leave the livvst year’s cane from 
4 to 7 feet in hmgth, a<*C()rding to the vigor of the varudy. All later- 
als and also the tendrils are removed. In addition to this, the buds 
which ar(‘ to form the future spurs must also be selecded and the 
remainder cut away. If the (*.ano i)roduced the first year is spurred 
back to tliri'o or four buds, as already described, the vine will not be 
ready for this disbudding jirocess until the end of the second year. 
The buds may then bo cut out, bid- ns the number and position of 
those retained in either case vary somewhat with the system of train- 
ing adopted, the method of their selection will be separately consid- 
ered under each system. But the terminal bud must, in all cases 
remain to lengt hen the stem the following year. 

The ti'cllises used for training vines in greenhouses are of various 
kinds. They gmu^rally consist of a firm wdro snpj)ort, which is sus- 
pended from the rafters of the building at a distance of 1/5 to 18 inches 
from the glass, (’ast-iron hangers are fastened to the rafters, and 
the main wires pass through holes in the lower end of the irons. (Fig. 
158.) Frequently only one set of wires is emjiloyed; in such cases 
the wires may run from the plate of the house upward to the ridge 
pole, or, more rarely, they may extend horizontally across the house. 
But additional supports arc necessary Avhen the plants are fruiting. 
Fig. 158 shows two vines whose spurs are supported by five vertical 
wires, but, in addition to these, slender sticks have been fastened 
across the wires, and those serve to distribute the weight of the foliage 
and the fruit more evenly, and also make the wires more rigid. Such 
a trellis also allow^s the i)runed wood to bo removed more freely in the 
fall. Another good form of trellis is made by letting a No. 10 or No. 
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12 wire run upward over each vine; the luain stem of the plant is then 
trained i)ermanently to it. Cross wires of smaller size, as No. 16, are 
then stretched lengthwise of the house, being placed about 18 inches 
apart, and fastened to the upright wire at the intersecting points. 
Such a trellis is suitable for all methods of training considered in 
their group, although in si)ecial (*ases, «as in the rod systems, certain 
modifications may bo advisable. 

The shoi-t siuir system is a simidi^ and well-known method of train- 
ing grapc'S, although many growers arc oi)])osed to its use. After the 
vino lias been grown so that it is ready for the first disbudding, the 
positions for tlie fut ure spurs must be decided ujicn. As a rule, spurs 
are grown from buds left at intervals of 15 to 18 inches along the sides 



Fia. 158 —Grapery, with vines trained accordinj; to the short spur system. 


of the stem; soineti mes the spurs are nearly oi)])osi to each other, and 
again one spur may be situated midway btdween or about 10 inches 
from the spurs on tlie opposite »side of tlio stem. After the select ion 
of the buds that are to j’cmain, the otheis may be cut out immediately 
or they may be allowed to swell during the following spring, when 
they are destroyed by scvei-e pinching. Tlio shoots that grow will bear 
fruit if they are allowed to do so; it is much better for the plant, how- 
ever, to cut away all cJ listers except two or thi'oe, since, if a vine is 
made to overbear when it is young, years are often required for it to 
return to its normal vigor. When these shoots liavo grown to a length 
of six or eight joints, the ends are pinched off; laterals will start, espe- 
cially near the end of iljc pinched shoots, and these, in turn, should be 
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checked. Tn this manner strong, well-inal urcd wood is obtained with- 
out an excessive growth. The next year t]i(3 vines are treated in the 
same manner. The terminal bud of the pruned eane is carefully 
grown along the supporting wire so as to extend the stem from 5 to 7 
feet ]noro. The laterals arc tre.ated as abv\m1y described. The third 
year the stein may be carried to the top of (ho grapery. 

Vines which are trained on the short spur system, as W(dl as those 
gi*own according to some other methods, ar(3 commonly not allowed to 
bear fruit (*xeopt. n])oii om^half of the si)iirs. Tliis may bring about 
a dlfTorence in the h^ngth of the tw’o sets of spurs upon each plant. 
Those Avhioli are to bear are often cut to a sti’oiig bud, tliere lacing one 
or two other buds near tljc base of the spur. Tlio otlier spurs are cut 
in close io the st(Mn, only one bud being left. This bud is destined 
to forjii a shoot whi(*h will be spurred the following autninu for fruit- 
producing pur])oses; it is not allowed to fruit the first j'car. The 
plump bud left upon tli<‘ fruiting Si)ur is the one from wiiich the fruit 
is exT)ected ; after t he fruit has matured, the old syiur may be cut away 
enlindy, and only one bud is aJlowed to r<Mnain iii)on a shoot which 
grew either from anotliorl)ud ux)on the same spur or from some otlu^r 
liari. of tJi(‘ bl anch. E\ (ui t]i<‘ fruiting s^iur is often made as short as 
the otliiM*, thus not c.\('(MMling an inch in length. Fig. 158 rexircsents 
a gra j)(‘ry in which the v1u<‘S have been traiiusl axcording to the short 
S])ur, or “v;alking'Sti<d<,’’ system; the vines have been xn’uned and are 
ready to be x)^it array for (lie winter. 

sri R RENEW AL. 

Anodu'r metiiod, \ eiy similar to tlic one just mentioned, is somo- 
tinu'S x>racti<MMl for llu* x>ur[)os“. of obtaining fruit from IIk' same sx)iir 
ea(‘h yi'ar. 

Tlie spurs are (‘iK’h y<‘ar cut back to Iw’o or three buds. The outer 
or most. x>lumx> ones arc retained for fruiting w’cakcr one 

being riMiioved as soon as the difference of strength is demonstrated. 
The otiioi bearing shoot is i»iiu*hed one or tv/o joints beyond the fruit, 
and seeiirely tioil; as lat(u*als aiixiear, they, in turn, are pinched just 
beyond the first unfolded loaf. Tlie remaining bud is situated close 
to the base of the sjiur; it is designed few the xirodnction of a shoot 
only, no fruit being allowed nxioii it, and it is not X)inehed until it has 
unfolded six or eight leaves. The following autumn this shoot is, in 
cut back to twa) or llireo liuds, the bcariiigx>ortion of the old sxiur 
being all cut away. 

TTIE DOUBLE SPUR SYSTEM. 

The double sxmr syst eni is very commonly used in graiieries (fig. 1 50). 
The vines are started and the first year sx)urred as already described. 
Two shoots arc retained uxioii each of tlu^so sx)urs, one of them iicrhaps 
being allowed to fruit. The next ycai* ea(?h shoot is cut back to a 
plumx) bud, thus forming a Y-shai)ed iiiece. Only one of these sx)urs 
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is allowed to boar, the other serving only for the production of bearing 
wood for the following year. In this manner each branch gradually 
elongates and bears fruit in alternate years. Fig. 160 shows such a 
double branch, of which the left-hand portion is 6 years old. 

THE LONG ROD RENEWAL SYSTEM. 


The long rod renewal system is another forju which has several 
features that commend it for use in graperies. Short spurs are not 

used for bearingpur- 
poses, but in place 
of them the canes 
are cut so long that 
the bearing ])ortion 
is as long as one- 
half the height of 
the graiKipy. The 
plants ai'C obtained 
as folhnvs: At the 
end of the first sea- 
son’s growth 1 he first 
earns obtained as 
already described, 
is allowed to extend 
about half the height 
of the building or 
wall. Tlie second 
summer it. is al lowed 
to bear, and it is also 
extended to the lop 
of the roof, at which 
point ills i)r lined in 
the fall. During the 
second year another 
shoot is grown from 
the stem near the 
point where the first 
cane originat^es. In 
the fall this is pruned 
in the same manner 
The third year llie upper half 
the second one throughout its 





Pig. 159.-- Grapory, with vinos trained according to the double 
spur system. 


as the first was the pi’eceding year, 
of the first branch bears, and also 
entire length; at the same time a third shoot is grown from near the 
bases of the first two. The pruning which is done in the fall of the 
third year is the same as that which regularly takes place from this 
time on. The first braucli is entirely removed; the second is cut at 
the top, of the grapery, and the spurs oii its lower half are all cut out; 
the third is pruned at only one-half this height. Thus, each year a 
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lai'ge portion is removed, no cordon is allowed to become more than 
three years of age, and good buds are always available for fruiting 
purposes. All bearing shoots should, of course, be p.u.jhed at the first 
or second leaf beyond the cluster of fruit-, and if the. shoots produce 
laterals these should be pinched in a similar manner. 

Plants trained on this system require a little more space than when 
spurs are used, but if the vines liave been set about 3 feet apart, two 
bi’anches may be used instead of three. This method was formerly 
much used. By it one half the top w^as removed each fall, the other 
portion being reservcMl for bearing the next year. 

The height of the stem in the long rod nuiewal S 3 ^stem varies under 
different circumstances. Under glass it ma^^ Ix^ carried up to the 
glass, so that all portions of the l>raiiches maj^ receive good light. If 
the ^'iu(^s arc trained to a wall equally well lighted fi‘om top to bot- 
tom, the vStem need extend but a few inches above the surfaxie of the 
ground. Rcmewal 
may take ])lacc in 
accordaiK*e with the 
niottnxis des(u*ibed 
elsewhere. 

THKLONGSPITII SYSTEM. 

The long sj)ur sys- 
tem has man\^ fea- 
tures which cha?*a(‘-- 
terizc the horizont al 
arm spur sj'stem <io- 
scribedon pag<‘ o()8. 

Plants grown on 
walls are frequent 
trained according to 
this system or mo<l- 
ifications of it-, and it also ])()ssesses a certain vnlue on an upright 
trellis. The stem, arms, and spurs arc formed as in the horizontal arm 
spxir sj'Stem, although the arms, or cordons, an^ soTrielimes upright 
instead of liorizontal. In either case, only alternating spurs are 
allowed to carry fruit in any^one year. For instance, the first, third, 
and fifth spurs on an arm are cut long enough for each to carry from 
four to seven l)U(ls, according to the vigor of the plant. These buds 
are allowed to produce fruit. But the second, fourth, and sixth 
spurs are cut much shorter, bearing only one or three buds; these 
bulls will not be permitted to mature any fruit, as their entire office 
is to pi^duce wood which will bear the following j^ear. Considerable 
attention is necessary to grow plants prop(n’l.y in this manner; still it 
is frequently done. 

When it is desired to cover a considerable area in a grapery with 
but one vine, the method following may be adopted with success. 



Fig. l(K).~BrHnch and cane of vine shown in flgr 158. 
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The vine is started as for the horizontal arm spur system, butseveml 
tiers of arms are made. Each arm has a certain number of spurs, 
which are renewed and made to bear each year according to the spur 
renewal method described further on. In this manner, by having a 
considerable growth of foliage in all i)arts of tlic vine, bare places may 
be almost entirely avoided and uniform crops annually obtained. 
The utmost care and attention must be exercised to make the system 
a success, for the strong tendency toward growth in the upi>er parts 
of tlie vino must be overcome by continual i)inching of the shoots. 

OESCRIPTION OF THE THOMERY AND CHARMEUX SYSTEMS, 

The difficulty of growing grape vines in accordance with the above 
system has led to the origin of the Tliomery and Charmeux systems. 
These arc intricate, but their essential features are as follows: 

No one vino shall have more than two horizontal arms, one on each 
sid(i of the toi) of the stem. If a high and long wall is to bo covered, 
a number of plants arc set out and the stems of these are carried to 
dilferent heights. Tlio lowest iialrs of arms are about G inches from 
the ground; the second set of arms is about 18 inches above the first, 
and tills distance is maintained bei ween all the othoi* sets on the wall. 
Eacli arm is 4 foot long, and the spurs are grown at iiilcrvals of G or 
7 inches from each other. The method of spuia-ing is the same as 
that described under tlio short spur system, for none of the spurs are 
over an iiieh in length, and the braiichcB which bear them are conse- 
quently always short. Two shoots arc grown from each spur, and 
every shoot is allowed to bear according to the above dimensions; the 
idaiils should bo set between 21 and 22 inches apart. 

Ill the Tliomery system the first idaut at one end of the v ail forms 
the lowest iiair of arms; the second plant, 22 inches from the first, 
bears the second pair of arms, 18 inches above tlio first iiair; the third 
plant bears the next pair above, and so on until the top of the v/all is 
reached. Some trouble has l)ecn experimuHid in the Tliomery system 
on account of an unequal amount of light given the two arms of the 
same plant. This trouble is avoided in the Charmeux system by a 
different arrangement of tlic arms. In otlier resi>ccts the two systems 
are alike. 

The following is the arrangement Sf the arms in the Charmeux 
system: The first iilaut bears the first pair of arms; the second plant 
has its arms in the fourth tier of arms; the third plant branches in 
the second tier; the fourth X)laut extends to the fifth tier; the fifth 
plant to the third tier. The sixth plant then begins as the first one 
did, and the same arrangement is rejieatcd. 

THE FAN SYSTEM. 

T.he fan systein is almost entirely restricted to use upon walls. It 
is occasionally seen in vineyards, but here it is not very popular, 
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Although found in some portions of Ontario, Canada. In some 
resjxjcts the plants trained on the fan system resemble those described 
under the high renewal system, but the head of the vine is frequently 
only a few inches from the ground. The canes wliich arc to produce 
the bearing shoots spring from the head of the jdaiit, but a greater 
number are retained. They are trained in a spreading manner fi*om 
the head, covering a fan*3haped area, which has given the system its 
name. One serious objection to tlio syslom is that so much fruit and 
foliage are produced near the center of the idant that it is difficult to 
admit sufficient air and sunshine; a Wangle is apt to result. Other- 
wise, if proper attention is given to Bimrriijg for renewal, the system 
is a satisfaeb^ry one. 

RENEWAL. 

Kt*iU‘wal is tiie process of rexdacing old wood by young wood 
has the power of performing tlio functions of the old. All i)arts of 
tlio vine wliieh are above ground deterif)rate with age; and the roots 
may (diange in a similar manner. Some port ions of a vine may remain 
serviceable for a number of 3’ca.rs, and their renewal is consecpicutly 
neeessaiy only after long intervals; but olher i>ai*1s are }*enderod use- 
less after one ^'ear’s service. In order to keep a vine in a strong bear- 
ing condition, j^onng wood must take the i)la<‘o of the old wheneVva* it 
is iie(*.('ssar3'. 

Cane renewal must l)e p<n*formed e.ach year. Tlio shoot whirfii ma- 
tures into the renewal cane must be grown the season before the old 
cane is cut out, that tlu» one ma}^ replace the oilier wiiliout loss of time. 
As every vine is presaniabi}’* grown upon some distinct syslom, the 
number and length of the desired eaiics is alwa^’s known; some mny 
be shortiUKMl back to spurs, Avhilc o1hci*s remain several feet in length. 

Cane renewal is a very simidc matter in all true spur s^'stems. The 
bearing shoot of one your is cut back to a A^orv small number of buds, 
general!}" from one to tliree, and tliis sxuir is the jAortioii which takes 
the iilaco of, or roncAvS, a similar sinir which the 3'oar before siijiTilied 
the iilants AAith bearing shoots. 

In all S 3 "stems Avliich rc<iuiro long cancs for renewal purx)uses, the 
imoduction of projicr Avood to I'oidaco llie older iiortiou is not generally 
sneh an cas}" task ; it Ls hero that experience and j udginent are required 
in making selections. Such canes are obtained from three distinct 
sources: First, from the base of the canes Avhieli xiroduced the bearing 
shoots of the last season (fig. 161, a); second, from branches Avhicli 
are retained especially for renewal purposes (tig. IGl, &); and, third, 
from shoots grown from adventitious buds on the arms or branches 
(fig. 161, c). 

Tho renewal canes, which arc seleclctl from the base of the canes 
that produced tho bearing shoots, are generally well grown and mature 
(fig. 161, a). It is true that they have borne fr«it in tho majority of 
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oasefl, but this has not been shown to be a serious defect. One objec- 
tion to them, however, is that a considerable portion of the old cane 
is retained with the new one, and if this form of renewal is continued 
for a few years, these branches become so long that the bearing wood 
may start near the top wires of the trellis, a position in which they 
are actually found in some vineyards. On this account the continued 
selection of such canes upon the same branch should be avoided. (See 
fig. 145.) 

A favorable method of obtaining renewal canes is by the use of 
spurs. These are necessarily situated near the top of the stem, so 
that the long canes may be easily directed to any desired point. The 
branches formed by the spurs are, as a rule, not retained many years, 
for they, in turn, require renewal. Their number varies with different 
vineyardists; in ease all the canes are to bo derived from spurs, there 



should be at least one spur for each cane, and frequently there are 
twice as many spurs as canes. Fig. 161 will assist in making this 
point more plain. If one branch is to do double duty by supporting 
a cane with bearing shoots d and also a growing shoot e, which is to 
replace the cane d the following year, it resembles more or less closely 
the spur 6. After the fruits borne upon the shoots of d have been 
harvested, this old cane and its shoots, as well as all the old spurs 
down to the cane e, are cut away, and e is laid along the wire in 
place of d. 

Frequently the spur or branch produces only a single shoot, and in 
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such cases the number of branches must be greater than the number 
of canes used, so that each branch may alternately support a shoot 
and a cane with its bearing shoots; this will require twice as many 
branches as canes. But on account of the various sources frf)m which 


desirable canes may be ob- 
tained, the number of spurs 
and branches is rarely so 
great. 

The third method of obtain- 
ing long canes is from shoots 
which grew from adventitious 
buds, (Fig. 161 , c.) These 
may arise from any of the 
older parts of the plant, and 
if they are strong and well ma- 
tured, they answer the pur- 
pose well. As the vine grows 
older, the appearance of such 
shoots can not be so safely re- 
lied upon as when the plant 



was young; and even under 
favorable circumstances the 


Pio. 162.— Unpruned vine trained according to the 
umbrella system, showing stem renewal. 


vineyardist should at all tiiuos be prepared to get along without them. 

Branch renewal is of great importonce for all systems in which 
spurring is regularly practiced. As the branches are formed from 
annual additions of spurs of var3nng lengths, thej' almost invariably 



Pig. 168.— Pruned vino trained according to 
the umbrella system. 


become long, crooked, and unsight- 
ly, and their removal ever}^ six or 
eight years benefits the plant as well 
as pleases the eye. A branch may 
bo renewed by selecting one of the 
strong shootwS wliich appear at irreg- 
ular iutei’vals about its base, and 
at the end of the season spurring 
this shoot instead oi' one grown from 
an old sp iir . The entire brand i may 
then be removed. 

Arm renewal is accomplished by 
select ing a strong cane that started 
from a bud near the base of the arm. 
This cane may be put in the position 
of the arm after the latter has been 


cut out, and the following year its shoots should yield practically a 
full crop. Under ordinary circumstances, an arm should be renewed 


when it is eight or ten years old. 

Stem renewal can not be wholly completed in one year, as in the 
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aboTO eases, for an ©atirely new top must also be formed. If the 
elisni^ is to be made wifbont any loss of crop, tbe new wood sbomM 
be grown, for most systems, two years before the old top is cut out. 
The first step is to select a strong cano which starts near the base of 
the old plant. This cano is then treated in the same manner os a 
well-established one-year-old vino; it is cut off at the desired height, 
and the second year a new top is formed upon it. This top forms the 
framaw’ork of tho new vine, and at the end of the second season the 
old vino may bo cut off close to tho i)oiut at which the new poHion 
origin ales. 

Those steps are w'ell illusli'atcd in figs. 102 and 163. A vine trained 
according to tho umbrella, or two-cane Kuiffin, system is showm in fig. 
162. Tho main system was about tw'enty. yearn of age when its le- 
newal was decided upon. Close beside it may be seen a straight, 
slender stem, which extends ui)ward without branching nearly to the 
top wire of the trellis. When photographed, it was throe years old; 
at the end of the first year it was cut back to the top wire; after llio 
second year, tho two strongest canes at the top were selected to form 
the arms of tho future vine, and they were cut the proper length. 
The old plant might have been cut out also, but this was not done; 
tlio top was soA'erely pruned, however, so that the younger portion 
might bo stnuigllKUicd. At the cud of tho third year, when tho pho- 
togi'apbs were made, Ihoi-o wex’o two sets of ixondent branches, one 
from the old and one from the now arms. Tho old vine was then cut 
close to the ground, and the jxendent canes of the young vine were 
each spurred to one bud. Fig. 163 shows the resxilt. This yoxing 
vino with tho old roots is capable of ixroduoing crops as largo as those 
borne by the old top, and tho fruit should bo of better quality. In 
this manner a vine can bo made young again, and tho process may bo 
repeated again and again. 

It is imixossiblo to state when the .stem of a vine .should be renewed. 
Records exist showing that some European Adnos have .seen one or two 
centuries of growth; ifiants fifiy years of ago are commonly seen, and 
it appears almost as if they could continue to grow and bear indof- 
initoly under proper treatment. In American vineyards the stems are 
I’enewed more frequentl Trventy to thirty years is almost the extreme 
of the ago allowed with vigorous varieties, and the time is frequently 
reduced about one-half for weaker sorts. A careful grape grower will 
watch his plants. Any indication of a falling off in the amount, size, 
or quality of the fruit should be invo.sligatc(], and with old vines it will 
often be found that the renewal of tlie youth of a vine will be followed 
by increased vigor and productiveness. 



AN IDEAL DEPARTMENT OF AGRICULTURE AND 

INDUSTRIES.^ 

By E. TlHSEIlAND, 

Covnallur of Siafe and Direcior of Agriculiure of Frajicc, 

[The report of the Parliamentary recess committee on the proposal to establish 
a department of agriculture and industries for Ireland, submitted to the chief 
secretary by the Rt. Hon. Ilorace Plunkett, M.P., chairman, on August 1, 1896, 
contains, among other valuable rep.>rts on Stale aid to agriculture and industry in 
various Continental countries, a very admirable and eloquent paper by ]\I. E. 
Tiwserand, councilor of state and director of agriculture of France, in which ho 
discusses tho organization of a model dei)artment of agricult m*o and industries. 
The report says : 

‘‘M. Tisserand is universally acknowledged to U) one of tho first authorities in 
Enro]to on agriculture and tho administration of aid to agriculture by the State, 
and the Frencli ministry of agi’icnliuro, of which ho may be described as the per- 
miiiKuit head, has been to a large degree sbai)ed by his hand.” 

The paper, which was prepared at the request of the connnitiee, contains “such 
advice as his unique experi(‘iico would x'^orapt him to offer on tlio constitution of 
a ministry of agrkailluro for Ireland, having s]>ocial regfird to the condition 
of that country.” 

Although i)rei)ered with special reference to Irish and Continental conditions, 
it is a i)apor of such breadth of view and general imporlancjo that it is rexndnted 
hero for the information of the Auieriean i»ublic from an advance coi>y roc‘eived 
through the courtesy of the oliainnan of the eommitiee. — C.W.D., Ju.] 

NECESSITY FOR A BEPAimiENT OF AGKICri.TniE. 

A first point to bo understood is that a niinistiy especially for agrb 
cullure has bceonic in our day R necOvSsily, an imperious need in all 
eounti’ics, wliotlicr they bo States of old Europe or countries newly 
opened to eivilizalioii. Tliis arisOvS from the fact that o very w hero imv- 
adays agTicnllural and economical questions have assumed a capital 
importance and dominate all others. Evciywhero man clings to the 
land; it is tho eartli that nourishes him, and, like tho giant Animus, 
he ever has need to toucli it, to feelitlmneath his feet, in order to renew 
his strengtli. It is a general sentiment that on the rational and >scien- 
tific culture of the soil depend to-day the existence and x)ower of 
nations. 

Pormerly, tradition, handed on from falliei* to son, sufliced tho hus- 
bandman for tho advantageous utilization of the soil. Tlic methods 

* From Report of the Recess C’oinmittee (House of CommoTis) on tho Establish- 
ment of a Department of Agriculture and Industries for Ireland. London, 1897. 
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of culture were simple; it called for uo great effort of the mind to till 
well, to regulate the rotation of crops and the breeding of live stock. 
Everything went on in a restricted circle, and the son, working as his 
father before him had done, was able to live comfortably and bring 
up a numerous family. To-day the situation is no longer the same. 
In this extraordinary century, when everything has been profoundly 
modified by steam, when distances have disappeared, and the Austra- 
lian with his wool, the Indian with his corn,^ the American with his 
cattle and his dead moat, can reach the markets of Europe at less cost 
than it took the farmer of Yorkshire at the beginning of the century 
to get his produce to London, old methods and paternal traditions 
have become insufficient for the struggle which has to be carried on 
against foreign competition. It is no longer the struggle for life 
between man and man whieli is in question; it is the struggle for 
existence between industry and industry, between agriculture and 
agriculture, between country and country. 

The struggle which agriculture has to sustain is all tlie more intense 
and severe because it has boon less prepared for it. The formidable 
transformation brought about by the i)rogross of railways, navigation, 
and the telegraph has had a greater effect on agricultun^ than on any 
other industry, because it has Ix^en surpris(xl, so to speak, in the 
midst of the calm and quietude which it had been enjoying. Tt is no 
doubt a groat boon to humanity that the products of the earth may 
overflow with an extreme facility from the regions in which they 
abound to the countries that need them; that every individual is 
assured his daily bread, and has no longer to fear the horrible famines 
which in other limes periodically decimated the population; that, 
thanks to Australian w^ool and to the vast pasturages of the New 
World, the w-orking maji can obtain cheap clothing and clieaj) food to 
protect him against infirmit}^ and give liim health and strength. But 
if these are results to be thankful for from the humanitarian point of 
view, it is nevertheless true that th<y have had upon agricuilture, 
through the general lowering of the prices of produce, an action which 
has placed it in a critical situation, and which has thrown the cul- 
tivators into confusion and brought discouragement and despair 
among the rural pox)ulation. All thoughtful minds, the public pow- 
ers, and Governments are occupied with these considerations. In 
all directions it is felt that the agriculture of Pluropo is like an old 
and leaking ship, tossed and buffeted about upon a sea of breakers, and 
that, to save it from foundering, it needs to be steered by abler hands 
and navigated by pilots who will join to a thorough jiractical training 
a profound and extensive scientific knowledge. 

It is under the influence of these apprehensions and menaces and 
in the face of an abnormal and critical situation, in the hope of thus 

1 Reference is made here to the native of British India, and the word ^*oorn” 
includes grain of every kind, with especial reference to wheat. 
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discovering and applying a remedy to an evil whose intensity goes on 
increasing^ that there has come into being in almost every country the 
idea of creating a ministry of agriculture. This is a response to an 
imperious need. It is certainly not that the ambition of one more 
man may be satisfied, that we may have one minister the more, one 
politician the more, in the councils of Government and in the delib- 
erative assemblies, that this idea has taken life. Its evolution has a 
higher reach and significance. ‘‘Ministry of agriculture” means an 
appeal for the help of all, a grouping and marshaling of the strength, 
the energies, and the wills of all, toward a determined and definite 
end — the raising up of agriculture. It means for the man who is 
placed at the head of such a ministry the obligation to study the needs 
of agriculture, to surround himself with the necessary assistants for 
the purpose, to cause the extent of the problem to be understood, to 
seek for practical solutions, to point them out to the Government, and 
to persuade Parliament to pass them into law. 

The necessity for a ministry of agriculture being thus demonstrated, 
lot us consider what the character, or, bettor, the spirit, of such an 
institution ought to be. 

FUNDAMENTAL PRINCIPLES OP A DEPARTMENT OF AGRICULTURE. 

There are those who lot themselves believe that a ministry of agri- 
culture ought to be a sort of Providence on which all might lean, and 
which could work miracles, to which it would only be necessary to 
apply to obtain remedies for all evils and boons for everybody. 
Others ask that it should centralize everything, absorb all the serv- 
ices, and take upon itself the functions of private individuals and 
voluntary associations. 

Beware of these ideas and these fallacies. A ministry of agricul- 
ture ought to have for its essential and fundamental principle never 
to run counter to private or collective initiative. Far from that, all 
its efforts ought to tend to aw’aken the spirit of initiative and inde- 
pendence, and to stimulate and develop it among the agriculturists 
themselves. It ought to aid the weak, animate the indifferent, and 
stir up the courage of those who are tempted to let themselves be 
cowed by difficulties. The agriculturists must be made to under- 
stand that the improvement they desire depends as much on them- 
selves as on the ministry, if not more so; that the latter must be 
powerless without their help; that they will receive succor from the 
State in proportion as they themselves put forth energy and labor; 
and that it is only by the united efforts of all concerned that progress 
can be brought about. 

The ministry of agriculture, instead of substituting its own initia- 
tive for that of the cultivators or interfering with their independence 
12 a96 35 
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and that of their asaociations, onght to second free action on their 
part IIS mnch as possible. 

To take some examples: A ministry of agricnltiire, whether by 
means of special laws or special encouragements, such as subsidies^ 
subventions, medals, etc., should foster with all its x><5wer the com- 
bination of agriculturists — wherever such organizations do not already 
exist — ill agricultural societies, consultative chambers, societies for 
insurance against mortality among stock and other calamities, socie- 
ties for land improvement, cooperative soedeties (syndicats agiicoles) 
for the purchase of manures, seeds, machines, etc,, and for the sale 
of agricultural produce, credit societies, and iiislitutions for mutual 
succor and assistance. It ought to do its utmost to encourage such 
societies, to live side by side with them, to come to their support 
whenever it is necessary, and to lend them the lielx) of its agenls. 

It ouglit to inform the cultivators on all facts having a bearing on 
their industry, and to point out new melliods and disco\ cries by wliich 
they may increase their (*rops, and iiroicct them advantagJHJiisly 
against parasites, noxious insechs, micro])cs, etc. 

METHODS OK COXTKOL IN FUAN(^E. 

Tlie ministry (if agriciillurc in Frances luifwilways tjikcMi spocial care 
to respect the indcptuKhuu'o and workingof the agricullural societies. 
It interferes only to aid them and to stimulate them to rtnloiiDle tlndr 
efforts, assisting them in proportion as they assist themselves. It 
incu'casos the importance of the subventions and medals which it 
bestows in proportion to the exertions they put forth and the rc^sults 
they obtain. It is a struggle for emulation which the administration 
seeks to provoke, and it is by this m('ans the best J esuits are produced. 
Itis tlicsc agricultural Ksocioties or clubs wliich tluMJiselvc^s organize in 
the departments the encouragement to be given to tln^ cultivators. 
Tliey g<3t up shows and give pHzi^s for the diffusion of agricultural 
instruction, for the improveiiHuii of live sto(*k, for the best seeds and 
manures and agriimltural implemojits; they give prizes for good <uil- 
tivat ion, and bestow rewards on meritorious farm servants. The State 
only takes (charge of th<3 great national or regional exhibitions to the 
ninuber of six, and it is even a source of regret to the administration 
that tbeso can not bo organized by the great agricultural societios 
which have their headquarters in Paris, On ovciy occasion on which 
it is possible, the ministry of agriculture appeals to the local societies 
and associations. To sncdi an extent is tliis prineiple acted upon that, 
wishing roecntlj^ to organize special shows for the principal breeds of 
horned cattle, sheep, and swdne, the ministry delegated this task to 
various societies in the departments. 

One thousand two hundred agricultural sociiities in ^h-ance receive 
for distribution from the administration about 1,000,000 francs a year 
and several thousands of gold, silver, and bronze medals. 
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By this means the State accomplishes an enormous amount of good 
with a very little money. Indeed, it is impossible to exaggerate the 
amount of good will, of devotion, and disinterestedness which is availa- 
ble in the rural districts when an api)eal is made to intelligent culti- 
vators for a w'ork to bo accomidished. To give an i nslance, the inateri als 
for our great decennial agricultural statistics and for our annual sta- 
tistics are collected for us in each locality by educated men who, 
without the least remuneration, devote themselves to difficult and 
sometimes toilsome researches in order to supply us with pretious 
information on the rural economy of their communes. Wo give them 
some honorary recognition, a few' medals, and they are satisfied. 

KNOOUnA(^EMENT OF lUUVATE AGRTOTTl.TURAL SrHOOLS. 

Even in the field of agricultural education private initiative is hy no 
means to bo despised, and may effect great things. If the ministry of 
agrioultur<‘ lias to occupy itself with creating, organizing, and keeping 
up the great jiublic scluxds, the establishments for scientific research, 
the teelLiiieal laborniories, and with the api>ointnient and endow'ment 
of the professors charged with instructing tlic ciillivators and caiTy- 
ing tlio light in all directions, there* are cases iii which the State may 
find .‘I useful ally in private industry. Thus, in V ranee W'o have found 
the means of making out of certain vrell-iilaeod and well-managed 
farms excellent little ])rae1ical schools. We give them, as the Ciise 
may be, one or two cx|xn*icnced masters, and allow the manager of 
the farm a few hundred francs for the maintenaiico of four or five 
apprentices. For an expenditure of from 13,000 to 4,000 francs per 
cstaliiishmcnt, we thus have some admirable little schools of dairying, 
chocwso making, silkworm culture, bee keeping, etc. 

COOFERATINE AGRICV RTURA3. EXCKRIMENTS. 

Again, it is witli the assist iiuce of skillful farmers that the French 
administration establishes every year fro.m 3,000 to 4,000 example 
plats (champs do demonstration), iu which tlio agriculturists can see 
with their oAvn eyes Ihe trials of the best kinds of croi)s and the use 
of the most appropriate nianuivs. It costs the niiuistiy iu the pur- 
chase of seeds, manures, and imidemcnls and the expense of super- 
intendence some 150,000 to 170,000 francs a year to give to all our 
jicasauts a living illustration of the progress which may easily bo real- 
ized by each of them. These example plats may l>e changed about so 
that their lessons may bo brought witliin everybody’s reach, even in the 
most remote corners of the country. The professors of agriculture 
explain in sight of each field the results obtained, and point out the 
improvements to make. Few institutions have brought about greater 
or more rapid progress among the class of small cultivators. I can 
not too strongly urge you to have recourse to them. 
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SBCtJBING SdENTIFIC ASSISTANTS. 

Another task which a ministry of agriculture ought to set before 
itself is to attract to agriculture the most eminent scientists in chem- 
istry, physics, physiology, entomology, mechanics, etc., so that they 
may be induced to occupy themselves with agricultural questions, and 
to direct their studies and their genius to the discovery of solutions 
affecting all branches of agriculture. The ministry must not be 
niggardly in its encouragements and subsidies to such men, for 
their discoveries will repay, with large interest, the expenditure which 
may have been incurred to enable them to carry on their researches. 
Moreover, there will by this means be prepared for agriculture an 
elite of men to direct it in the way of progress and of the application 
of science. It is by acting on these considerations that the ministry 
of agriculture in France has succeeded in effectuating considerable 
ameliorations in the condition of agriculture; it is owing to its sub- 
ventions liberally distributed that Pasl-eur has been able to achieve 
his memorable work and his immortal discoveries, and that Bous- 
singault, Berthelot, Schloesing, Aime, Girard, Blanchard, Chauveau, 
Georges, Ville, Prillieiix, Xocard, Arloing, and so many other savants 
have contributed i)owerfully to agricultural progress. 

It is by acting in accordance with these fundamental principles; it 
is — one can not too oftiCn repeat it — by respfecting the liberty and the 
initiative of all, by stimulating and aiding, by good laws and wise 
regulations, the voluntary associations and institutions of the agricul- 
tural classes, that a ministry of agriculture will best succeed in ful- 
filling its mission. It ought to be, as it were, the flag around which 
will gather all the good will and all the energies which strive for the 
good of agriculture. It will sustain in this manner, among the rural 
population, that spirit of “self-help,” that moral energy, which 
insures that a man, conscious of his duty to himself and to society, 
shall never abandon the struggle, shall feel his manhood and courage 
increasing with difficulties, and shall understand the necessity of 
joining his efforts to those of his fellow-citizens and the public powers 
in order to emerge a victor from the strife. 

The spirit in which a ministry of agriculture ought to exercise 
its fxinctions being thus defined, its field of action is none the less 
extensive. 

THE SCOPE OP A DEPARTMENT OP AGRICULTURE. 

If it be not called on to interfere directly with the work of private 
initiative, if it be its duty as well as its interest to respect scrupu- 
lously the independence and organization of the voluntary associa- 
tions, it ought at the same time to watch carefully their working and 
the success of their efforts. It ought to listen to their wishes, to fol- 
low their discussions, to keep count of their needs, to prepare laws 
and rules calculated to foster their activity, and to distribute among 
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them, aocoi‘ding to the importance of their work and of their own 
resources, the subventions, prizes, medals, etc., which are at its dis- 
posal. A ministry of agriculture ought to know everything, see every- 
thing, hear everything, so as to appreciate the needs of the country 
and to understand the reforms and improvements to be canled out. 

FUNCTIONS OP AN IRISH DEPARTMENT OF AGRICULTURE. 

In a country like Ireland, where agriculture plays the pre}>onderat- 
ing part, the ministry of agriculture ought, preferably, to include all 
or as many as possible of the branches wliich affect the agricultural 
interests. It ought to comprise within its jurisdiction the domains 
of the State — woods and forests, drainage and irrigation, water police, 
fisheries, restocking of rivers, pisciculture, etc. Legislation concern- 
ing i)roperty and the methods of holding it, etc., might also come 
within the scope of this ministry. 

Agriculture and industry have intimate relations with each other. 
It lias been well said that they are two sisters whose interests are 
identical. They live, in fact, sid(' b}" side, depending one upon the 
other, having the same needs and aspij*atioiis, their scliools organized 
and worked uj)on the same iiriuciples, individual, initiative, and vol- 
untary associations acting in connecl ioii witli them under similar con- 
ditions, the progress and prosperity of tlio one following the progress 
and prosx>erity of the other. Administrative action In their behalf 
ought, therefore, to x)roceed on similar lines. Thus, it seems to be of 
great imiiortance for a country situated as Ireland is that the ministry 
of agriculture should embrace within its jurisdiction commerce and 
industry as well, so that, jilaced in the same hands and under a single 
management, tliere maybe coordination Avithout friction, and harmony 
in the efforts made by the State to adA'aiiee their common interests. 

In addition to its other functions, the administration of rural high- 
ways and linos of communication, avIioso develojimeiit and (^tficient 
maintenance are of siudi high importance to agriculture, commerce, 
and industry alike, might be within the scope of such ministry. 

Finally, tiio eonti’ol of mines and quarries, having a relation to the 
usage of the soil, might also be logically attached to this doiiartment. 
This fusion exists in scA^eral countries, but it is not absolutely neces- 
sary, the i)oint being oiui whicli clearly A^ ould dexieiid uxion the legal 
system and the existing organization of public AA^orks in each country. 

DIVISIONS OF MINISTRY OF AGRICULTURE. 

In our opinion, the ministry of agriculture for Ireland ought to 
comprise, at least in the main out.lines, the following departments, 
or services: 

(1) Agriculture; (2) commerce and industry; (3) rural highways, 
lines of communication, agricultural tramwaj^s, light railAA^ays, mines, 
and quarries; (4) forests, A^^ate^ways, and State domains; (5) general 
accounts. 
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Each of these divisions, forming a distinct and homogeneous admin- 
istration, would include services us follows: 

AaRICULTtmB. 

(1) Agricultural education, — Schools of all grades, traveling professors, experi- 
ment stations, laboratories, agricnltnral charts, example plats, endowment of re- 
search and missions abroad, inspection of agricultural administration. 

(2) Encouragement to agriculture and legidation. — Superior council, chambers 
of agriculture, agricultural associations and syndicates, societies for mutual help, 
agricultural shows, promotion of legislation, rural code, etc. 

(3) Agricultural hydraulics. — Irrigation, drainage, reclamation, land-improve- 
ment loans, resources for the water supply of towns, contested claims, pisciculture, 
nquiculture. 

(4) Veterinary police ad m / n istration . 

(5) Statistics. — Produce and market statistics, averages of prices, monthly in- 
formation on the state of the crops, relief for losses incurred through calamities 
Biich as inundations, cattle idaguo, etc., bulletins and publications of tliominislry, 
general statistics. 

COMMERCE AND INDI'STRV. 

(1) Conimcrrc. — Chaml)ers of commerce, tribunals of commerce, sni>ervision of 
brokers, exchange agents, savings banks, insurcanco (‘omimnies, tontines, encour- 
agement to navigation, treaties of commerce, national and universal exhibitions. 

(3) Industrial and commercial legislation, inventions and patents, 

inspection of labor, industi'ial and commercial publications, statistics, informa- 
tion, etc. , 

(3) Industrial and conimovlal vd neat ion. — Technical schools, art and trades 
schools, schools of mines, commercial museums, missiouKS abroad, endownn'iit of 
research, etc. 

MINES, laWDS, WATERWAYS, ETC. 

(1) Mines and quarries. — Legislation, ^working, concessions, supervision. 

(2) Hoads and tramways, — Concessions, conshmetion, superintendence, exten- 
sions, legislation, water ixdice, water courses, embankments, canals. 


FiUiESTS, ET(7. 

Forestry staff and general service, forestry education, fellings and clearances, re- 
afforesting, sale and disposition of timber, properties, administrfition, purcliaBes, 
claims. 

GENERAL ACC?OUNT.S. 

Preparation of the general budget, examination of receipts and expenditures of 
the services, order pay department, disbursements and lodgments. 

Constituted in this manner, the ministry of {igriculture will form a 
compact whole, the management of which will not be beyond the 
strength of one man. The minister will be able easily to grasp> and 
to dominate it in its entirety, and to imiiart to each of the groat divi- 
sions which constitute it a fruitful and individual impulse. 

If the ministry be restricted to narrower limits — to the agricultural 
division, for example, although that may be very vast in itself — the 
minister would not, in a country like Ireland, have an administration 
important enough for his position as a member of the Government. 
He would be reduced to being an omidoyoo, would give himself up to 
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details in order to have a suihcient occupation for his time and his 
activity, and would thus come to lose sight of the great general aims 
of his office. The separate departments of agnciilture, commerce, and 
industry, wanting unity in their working and cohesion, would each 
go its own road, and their interests would be exposed to the great 
danger of friction, and even of clasliing somelijues, to the great prej- 
udice of the country. The ministry of agriculture would bo thus 
partially paralyzed, and, in (jonsoquence, would bo unable to render 
the country any appreciable service. 

QUAT.rPTCATIOKS OP A MINISTKR. 

The minister, in the nature' of things and according to the constitu- 
tion of the country, must bo a i)olitician; and his fat<i is bound up 
with that oT the cabinet of which ho forms a part. lie must tliox’e- 
for(‘ share its vh'issitudos and his stay in office is limited to a i)CJ'iod 
more or less indetermijiatc^. This is a drav'back, for it is through the 
continuity of effort that progress comes. Xc\erlliclcss, the injury 
done is less Ilian one might supj)ose, for t.lu' advent of new men at the 
head of a government department, if it is to regretted from some 
points of view, has the advantage of stimulating the S(‘rvicos by bring- 
ing in now ideas. Each minister has his own conerptions, his own 
way of looking at things, schemes of his oA\n for improvements and 
reforms, \Ahieh oblige his colleagues to turn their attention to points 
hitherto m'glecled or loft in the background, and almost always there 
I’esult fresh edfort and a sort of infusion of new life into tho services. 
But if a minist(U’ may bo changed for another without doing too 
nuieli harm to tho jirogress of business, there must be, on tho other 
hand, great, stability in the organization of tho ministry. For if fre- 
quent changes Avere to be the rule among tho othcials and staff of the 
ministry, tradition Avould bo lost and soon iiu'oherenee ami liesitation 
would take the place of (‘Xiierieiice — fruit of long and i>atient labor 
at the same duties — and (»f indispensable ord( r and unity of Auews. 

QUALTFIOATIONS OF HEADS OP DIVJSlONS. 

XTnlik(’» the minister, the men idaeed at the head of the ditfei'cut 
divisions of Avhich wo have, spoken ought not to bo politicians, sub- 
ject to the vicissitiuh^s of ministerial eliange. They ought to bo 
professional men or experts, and their ofTico ought to be of a per- 
manent character. They ought to unite to a great experience of 
administration profound teclinical kiiOAvledgo and an ineontestaide 
authority in tho questions with which they have to deal. It is the 
director, or chief porniaiiont official, whoso duly it is to work with 
tho minister, to enable liim to understand departmental questions, to 
point out to him those to which he ought to direct his attention, and 
to indicate the reforms it is most important to proceed Avitli and the 
progress it is most desirable to achieve. 
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^ It follows in the same' way that the director, or permanent chief, of 
each division must have to second him, at the head of the various 
sections or bureaus of his department, intelligent and trained men, 
well versed in the practice of administration — men who will be able to 
devote themselves to details and conduct researches to which he would 
be unable to give his own time. Here again arises the necessity for 
great stability. 

The number of officials and employees in each section, as well as 
their salaries, must bo fixed by the minister in accordance with the 
credits voted bj" Parliament, but it must be the director who has the 
choosing of the stalf placed under his orders. He must be their master, 
and ho must be able, with the authority and approval of the minister, 
to reward those who have shown merit and zeal, and to punish those 
who do not properly discharge their duties. This, and my experience 
in the matter may be trusted, is an essential condition for the good 
working of the departments; only in this way will you save your offices 
from being clogged with encumbrances and good-for-nothings. Let 
the director himself bo held absolutely responsible for tlie good work- 
ing of his department, and let him be replaced if ho proves inefficient. 

In a ministry the work ought to bo r(^gulat.ed and divided as in a 
manufact-ory. Each must have his part clearly fixed and defined, 
so that each official may know the task wiiihh ho has to fulfill, and 
may perfect himself in tlie discliarge of it.. 

CONSULTATIVE BODIES. 

But it is not enough to have a well-organized ministry and well-con- 
structed bureaus aud departments. The minister must hav-o beside 
•him superior councils, consultative bodies, which, meeting two or three 
times a year, will put him in direct oommuTiic.ation, so to speak, with 
the agricultural and iiidustrial population, and keep him cognizant of 
their aspirations and their needs. These are veritable parliaments 
of agriculture, commerce, and industry, to whom the minister appeals 
for guidance on the irnpoi tant imi)rovements and I'eforms to be car- 
ried out by means of laws, regulations, treaties of commi^rce, etc., and 
who give him their advice upon all questions of general interest to 
the ilttinistry. 

PERMANENT SCIENTIFIC COUNSELORS. 

There ought to exist, side by side with these great councils, con- 
sultative committees for each branch of agriculture and industry, 
composed of the most renowned scientists and distinguished special- 
ists. The r61e of these committees must bo purely technical; they 
are business committees; politics has no part in them; they should 
servo as the permanent counselors of the administration. 

COUNCILS OF AGRICULTURE, ARTS, AND MANUFACTURES. 

In Prance we have in this connection a superior council of agricul- 
ture, a superior council of arts and manufactures, and a superior 
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council of commerce. These councils, according to their nature, are 
composed of agriculturists or manufacturers and merchants, and of 
men of science chosen from among the most distinguished of the coun- 
try. Their members belong to all districts and to all branchcvs of pro- 
duction. The superior councils, as they no^wr exist, are not elective; 
their members are nominated by the President of the Republic and 
chosen from among member's of the national legislature, agricultural 
and industrial societies, and chambers of commerce; scientists and 
high officials of the administration also belonging to them. But a bill 
has now been introduced into the Chamber by the minister of agri- 
culture, providing that the superior council of agriculture shall not 
henceforth be nominated in its entirety by the Executive, but that the 
bulk of its members shall be ele<;ted by the agriculturists themselves 
and the peasant and other landed proprietors of tlic different depart- 
ments. A small number of members chosen from the scientilio and 
agricultural lights of the country will complete the c.oiin(nl. The 
council will meet once or twice a year in Paris, and give its advi(H3 on 
the (iuostioiis which will be submitted to it by the ministry. 

I consider that the council thus constituted will have more autliority 
and more independence, and will consequently render better service, 
than one tlu^ selection of whose members rests only with the minister. 
The superior councils of arts and manufactures and of commerce are 
to have a similar origin and organization. 

PERMANENT TECHNICAL COMMITTEES. 

As regards the permanent technical committees, it is the minister 
who chooses these. It is professional men, specialists, savants, and 
practical experts whom be needs for the current work, and to serve him 
as guides, and, so to si)eak, everyday counselors. It is for him to 
choose them as best lie can, for the matter concerns him more than 
sinjone else, I’olitics, let it be said once more, ought to be severely 
excluded from these considerations. 

These committees, to do useful work, ought- not to be too large. 
Twelve specialists, well chosen, liaving authority by their knowledge 
and experience, Mill Avork better and give better advice than twenty 
among whom some incompetent members may sli]) in. They sit at 
the Tuinistiy every week or fortnight or month, as the case may be, 
and their meetings last on an aA^erage tAvo liours. They make reports 
on questions the examination of Avhich is intrusted to them. These 
reports are then read and discussed, and their conclusions serve to 
guide the decisions taken by the ministry l elative to each department. 
They are only called on, of course, to deliberate on matters Avhich have 
some special importance, current business being dealt with by the 
directors. The members of these committees receive a fee of 15 francs 
for each sitting they attend . This is necessary to insure steady attend- 
ance at the sittings, ^and. thus to obtain sustained work. 

It will suffice to name some of these committees to enable their utility 
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and meclianism to be understood. Thus, at the luinistry of agricul- 
ture in France we have — 

(1) A special committee on phylloxera. This concerns itself with all qnestionfl 
relative to the methods of combating the phylloxem, and to the reconstitution 
of the wine-growing industry. It is composed of a dozen members. 

(2) A committee of five members, whoso task is to revise the demands for indem- 
nities for vines destroyed through the invasion of the phylloxera, in execution of 
the law for the preservation of the wine-growing industry in Algeria. 

(3) A technical committee, composed of twelve scientists, charged with the study 
and examination of the methods of destroying noxious insects and plants hurtful 
to agriculture. 

(4) A committee on disi^a^es of stock, composed of fourteen members, for the 
study of all questions relative to the sanitary or voterj nary police in connection 
with infected animals, slaughtering, etc. 

(5) A committee for the improvement of veterinary schools. 

(6) A committee of inspect ors-gcneral of agriculture and of agricultural edu- 
cation meets once a week to examine questions relative to the establishment and 
orgfinization of schools, to draw np the table of promotion for the teachers and 
staff, and lo make lu’oposilions on their behalf for honorary rewards. 

(7) A consultative comraitteo on experiment stations and agricultural labora- 
tories, charged with centralizing all business in this connection, and wit h studying 
the unification of methods of analysis of soils, manures, etc. 

(8) A forestry committee for arriuigiiig for the felling (^t‘ trees, clearing, rexdani- 
ing, etc, 

(9) A consultative committee on agricultural hydraulics, which (*xainiuos all 
business relating to irrigation, drainage, cleansing of ri^'ers, etc. 

(10) A superior councjl on studs, which has to deal with all ini])rovomciils in the 
breeding of horses, with race meeting.^, the sui>pl}' of remounts for the army, etc. 

If you turn to tlio ‘^Annuairc'’ of the iiihiistiy, you will seo that 
thoso clitTereiit committees are all composed of tho most competent 
men avtiilable, chosen apart from any imlitical consideration. They 
guide tho administration in a reliable fashion on all questions which 
offer any difficulty, and tliey cover tho responsibility of the minister. 

For industry and commerco the pcrmaiieiit committees arc equally 
numerous and varied. 

Multiplication of these committees can not bo too strongl}^ urged. 
Tlio minister will always obtain from them trustworthy advice and 
indispensable light for rightly seeing and judging and forming in 
full security tho decisions which concern the doparlincnt over which 
ho presides. But, it can not be too often repeated, in composing them 
you must have no regard t^o pleasing one person or another, and must 
think only of bringing together the men of highest competence in their 
various branches, the men who are unquestioned and unquestionable 
autliorities, so that their resolutions and advice may give you all the 
guaranties desirable. There are already quite enough causes of error 
without adding to them the absence of wise and able counselors. 

Suofe are the bases on which I would advise you to found your ministry 
of ^riculture. I do not doubt that under such conditions it will ren- 
der tho serv ices wliich you expect from it, and you will bo carrying out 
good administration and sound policy, to the groat profit of the country. 
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OBaANIZATION OP THE DEPABTMBNT OF AOaiCTTIiTTTBB, 
HECEHBEB 31, 1896. 

[Location, The Mall, l)eUveen Twelfth and Fourteenth streets.] 

SEcnETARY OF Agriout.ture, J. Sterling Morton. 

Tlie Secretary of Agricult are is charged with tho supervision of all public busi- 
ness relating to tho agricultural industry. Ho appoints all the oflicers and 
employees of the Department, with the exception of the Assistant Secretary 
and the Chief of the Weather Bui’cau, who are appointed by the President, and 
directs the management of all the divibions, offices, and bureaus embraced in tho 
Department. Ho exercises advibory supervision over the agricultural experiment 
stations deriving su])port from tho National Ti’easury. and has control of the 
(juavantine stations for imported cattle and of iiiterbtate quarantine rendered 
necessary by contagious cattle disea.<e3. 

AsyirTANT SECRETARY, Chas. W. Dabiiey, jr. 

Tlio Assistant Secretary performs such duties ns may be proscribed by tho Sec- 
retary. To his office hayc^ been n.ssigned tlio control and direction of the scientific 
])oH<jy and operations of tlie following divisions and offices: The Divisions of Bot- 
any. Vegetable Physiology and Pathology, Agrostology, Pomology, Chemistry, 
Biological Survey, Entomology, and Agri'*ultural Soils; the Office of Kxperhnent 
Stati(ui8 and the Office of Fiber Investigations, and tho Department Museum. All 
questions relating to tho scientific operations and policy of tho above-mentioned 
divisions and offices, but involving ((uestions of administrative policy, while pri- 
marily matters for the consideration of tho Assistant Secretary, are submitted 
to the Secretary for his approval before final action is taken. 

Chief Clerk, D, MacCuaig. 

Tho (liief Clerk has tho general supervision of the clerks and employees; of tho 
order of business, records, and conTspondonco of tho Secretary's office ; of all ex- 
penditures from appropriations for contingent expenses, stationery, etc.; of tho 
enforcement of the general regulations of tho Department, and of tho buildings 
occupied by the Department of Agriculture. 

Section of Foueiun Markets.— C/hV/, Frank H. Hitchcock.* 

The Section of Foreign Markets makes investigations and disseminates infor- 
mation “concerning the feasibility of extending the demands of foreign markets 
for Iho agi’icnltnral products of the United States.” 

Librarian, W. P. Cutter. 


nUREAUS AND DIVISIONS. 

Weather Bureau (corner Twenty-fourth aud M streets 'NW,)»^Chicf, Willis 
L. Moore; assigmd as Assistant Chiefs Major H. H. C. Dun woody, U. S. A.; 
Chief Cleric, James R. Cook; Ih^fcssors of Meteorology^ Cleveland Abbe, F. H* 
Bigelow, Henry A. Hazen, Charles F. Marvin, Edward B. Garriott. 

The Weather Bureau has charge of the forecasting of weather ; the issue of 
storm warnings; the disjday of weather and flood signals for the benefit of 

' For subject-matter of Appendix, see under Contents, page .5. 
^Appointed January 9, 1897. 
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agriculture, commerce, and navigation ; the gauging and reporting of rivers ; the 
maintenance and operation of eeacoast telegraph lines, and the collection and 
transmission of marine intelligence for the ^neht of commerce and navigation; 
the reporting of temperature and rainfall conditions for the cotton, rice, sugar, 
and other interests ; the display of frost and cold-wave signals ; the distribution 
of meteorological information in the interests of agriculture and commerce, and 
the taking of such meteorological observations as may be necessary to establish 
and record the climatic conditions of the United States, or as are essential for the 
proper execution of the foregoing duties. 

Bureau op Animal Industry.— C/iic/, D. E. Salmon; Assistant Chief, G. M. 
Brumbaugh; Chief Clerk, S. R. Burch; Chief of Inspection Division, A. D. Mel- 
vin; Chief of MisceJlancons Division, A. M. Farrington; Chief of Pathological 
iXvmnn, Victor A. Norgaard; Chief of Biochemic Division, E. A. de Schweinitz; 
Chief of Daii*y Division, Henry E. Alvord; Zoologist, Ch. Wardell Stiles; In 
charge of Experimeyit Station, E. C. Schroedor. 

The Bureau of Animal Industry makes investigations as to the existence of con- 
tagious pleuropneumonia and other dangerous communicable diseases of live 
stock, superintends the measures for their extirpation, makes original investiga- 
tions as to the nature and prevention of such diseuvses, and r(‘ports on the condition 
and means of improving the animal industries of the country. It also has charge 
of the inspection of import and exi>ort animals, of the inspection of vessels for the 
transportation of export cattle, and of the quarantine stations for imported neat 
cattle; supervises the interstate movement of cattle, and insiiects live stock and 
their products slaughtered for food consumption. 

Division op Statistics. — Statistician, Henry A. Robinson; Assistant Statistician, 
Henry Farquhar. 

The Division of Statistics collects information as to the condition, prospects, and 
harvests of the principal crops, and of the numbers and status of farm animals, 
through a coriis of county correspondents and the aid of a su])plementary organi- 
zation under the direction of State agents, and obt^a^us similar information from 
Eurojiean countries monthly through the deimty consul-general at London, assislod 
by consular, agricjultural, and commercial authorities. It records, tabulates, and 
coordinates statistics of agricultural productions, distribution, and consumption, 
the authorized data of Governments, institutes, societies, boards of trade, and 
individual experts, and issues a monthly crop report and occasional bulletins for 
the information of producers and consumers, and for their protection against 
combination and extortion in the handling of the products of agriculture. 

Offick of Experiment Stations.— A. C. True; Assistant JJurctor, 
E. W. Allen. 

The Office of Experiment Stations represents the Department in its relations to 
the experiment stations which are now in opt*ration in all the States and Territo- 
ries. It seeks to promote the interests of agricultural education and investigation 
throughout the united States. It collects and disseminates general information 
regarding the colleges and stations, and publishes accounts of agi-icultural investi- 
gations at home and abroad. It also indicates lines of inquiry, aids in the conduct 
of cooperative experiments, reports upon the expenditures and work of the stations, 
and in general furnishes them with such advice and assistance as will best promote 
the purposes for which they were established. It is also charged with investiga- 
tions on the nutritive value and economy of human foods. 

Division op Chemistrv.— C///e/ Chemist, Harvey W. Wiley; First Assistant 
Chemist, . 

The Division of Chemistry makes investigations of the methods proposed for 
the analyses of soils, fertilizers, and agncultural products, and such analyses as 
pertain in general to the interests of agriculture. It can not undertake the analy- 
ses of samples of the above articles of a miscellaneous nature, but application for 
such analyses should be made to the directors of the agricultural experiment sta- 
tions of the different States. The division does not make assays of ores nor analyses 
of minerals except when related to general agricultural interests, nor analyses of 
water. 

Division of EmouoLOOY^'-Entomologist, L. O. Howard; First Assistant Enio- 
mologist, C. L. Marlatt, 

The Division of Entomology obtains and disseminates information regarding 
insects injurious to vegetation; investigates insects sent to the division m order 
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to give appropriate remedies; conducts investigations of this character in differ- 
ent parts of the country, and mounts and arranges specimens for illustrative and 
museum purposes. 

Division of Biolooioal Survey.— ChiV/, C. Hart Merriam; Assistant Chiefs 
T. 8. Palmer. 

The Division of Biolomcal Survey studies the geographic distribution of animals 
and plants, and maps the natural life zones of the country; it also investigates 
the economic relations of birds and mammals, and recommends measures for the 
preservation of beneficial and the destruction of injurious species. 

Division of Forestry,— B. E. Fernow ; Assistant Chief, Charles A. Keffer. 

The Division of Forestry is occupied with exjwriments, investigations, and re- 
ports dealing with the subject of forestry, and with the dissemination of informa- 
tion upon forestry matters. 

Division of Botany.— Frederick V. Coville; First Assistant Botanist, 
Q. H. Hicks. 

The Division of Botany investigates botanical agricultural problems, including 
the i)tirity and value of agricultural seeds ; methods of controlling the spread of 
weeds or preventing their introduction into this country ; the dangers, effects, and 
antidotes for poisonous plants; the native plant resources of the country, and other 
subjects of economic botany. 

Division of Vegetable Physiology and Pathology.— (7/iiV/, B. T. Galloway; 
First Assistant Chief, Albert F. Woods. 

The Division of Vegetable Physiology and Pathology lias for its object a study 
of the normal and abnormal life processes of jdants. It seeks by investigations in 
the field rind experiments in the laboratory to determine the causes of disease and 
the best means of preventing the same. It studies plant physiology in its bearing 
on pathology. 

Division of Agrostology.— C/itV/*, F. Lamson-Scribner; First Assistant Chief, 
Jmed G. Smith. 

The Division of Agrostology is chai’ged with the investigation of the natural 
history, geographical distribution, and uses of grasses and forage plants, their 
adaptation to special soils and climates, the introduction of promising native and 
foreign kinds into cultivation, and the iireparation of publications and correspond- 
ence relative to these plants. * 

Division of Pomology.— Pom Samuel B. Heiges; Assistant J^omotogist, 

W. A. Taylor. 

The Division of Pomology collects and distributes information in regard to the 
fruit interests of the United States; investigates the habits and peculiar qualities 
of fruits, their adaptability to various soils and climates, and conditions of culture, 
and introduces new and untried fruits from foreign countries. 

Division of AaiticuLTUKAr. Soils.— C/ oV/, Milton Whitney. 

The Division of Agricultural Soils has for its object the investigation of the 
texture and other physical properties of soils and their relation to crop production. 

Office of Fiber Investigations.— Agent in Charge, Chas. Richards 
Dodge. 

The Office of Fiber Investigations collects and disseminates information regard- 
ing the cultivation of textile plants, directs experiments in the culture of new and 
hitherto unused i)lants, and investigates the merits of new machines and processes 
for preparing them for manufacture. 

Office of Pubijc Road In(^uirjes.— i»ecior, Boy Stone. 

The Office of Public Road Inquii*ies collects information com'-erning the systems 
of road management throughout the United States, conducts investigations regard- 
ing the best method of road making, and prepares publications on this subject. 

Gardens and Grounds. — Hortieulturist and Snperintendf'rtt of Gardens and 
Grounds, William Saunders. 

The Division of Gardens and Grounds is charged with the care and ornamenta- 
tion of the park surrounding the Department buildings, and with the duties con- 
nected with the conservatories and gardens for testing and propagating economic 
plants. 
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Dinsiojsr ov Publications, — Chief, Geo. Wm* Hill; Asmstani Chief, Joseph A» 

Ai'Boid; Superintendent of Document and FoMing Mown, George Thompsoii^ 

The Division of Publications exercises general supervision of the Departm^t 
printing and illustrations, and has charge of the distribution of all Department pub- 
lications with the exception of those turned over by law to the Superintendent of 
Documents for sale at the i^rico affixed by him; it issues, in the form of press 
notices, official information of interest to agriculturists, and distributes to agricul- 
tural publications and writers synopses of Department T^ublioations. 

Division of Accounts and DisBUiiSEMENTS.— Frank L. Evans; 

ant Disbursing Officer (in charge of Weather Bureau disbursements), A. Zap- 

pone ; Cashier, Everett D. Yerby. 

The Division of Accounts and Disbursements is charged with the adjustment of 
all claims against the Department ; decides (luestions involving the expenditure of 
public funds; prepares contracts for annual supplies, leases, and agreements; 
issues requisitions for the purcliaso of supplies, requests for passenger and freight 
transportations, and attends to all business relating to the financial interests of 
the Department, including payments of every description. 

THE PUBLIC DOMAIN. 

Since the oriOTual publication of the report of the Secretary of Ap^r'iiltiire 
(pages 9-5-1 of this volume) the following additional informalipn relative to the 
dis])Ohition of the public domain referred to therein has become available : ’ 

‘•The homestead act was passed May 20, 1 802, since whicli time 102,892,132 acres 
have been entered by homestead S'Htlers. Of this amount, 102,902,409 acv(-s have 
been patented or will bo patented vrhen the conditions* ('f the law have been emn- 
plied ^vith. Of tho romaiiider, it is estimated 42,000,000 acres represent entries 
which have boon canceled, and 17,980,723 acres commuted to cash and ac’couiited 
for under that head. 

“It is estimated that 335,001,752 acres Iiave boon disposed of by preemption, casli 
sales, scrip locations of all lands, military bouniy-laud warrants, tovrii-sito, desert- 
land, timber-culture, timber and stone entries, Indian allotments, and donations 
to s(‘ttlers. 

“The total number of mineral entries mad© under laws providing therefor is 
29,820 (including coal entries), of which 1,149 have been canceled, the romainiug 
entries embracing an estimated area of 573,420 acres. 

* ‘ There have been patented to railroads and wagon roads since September 20, 1 850, 
when the first grant was made, * * * 85,729,751 acres. * * * 

‘ * In addition to tho lands patented, there aro yet due to railroad and wagon roads 
under their grants alK)ut 1 14,730. ()39 acres, of which not more than 60 per cent, or 
about 70,000,000 acres, aro availuhlo for pat('nting under tlio conditions of tho 
grants, as the remainder of the granted and indemnity lands have been taken by 
actual settlers, or are within tho 6-milo limits of mineral lamis. 

“ Tho total grants of lands to the various states and Tenitories up to March 12, 
1806, aggregated 181,868,030 acres, in addition to agricultural college scrip for 

7.830.000 acres find 22,000 acres griiutod to tho State of Kentucky for a deaf and 
dumb asylum, both heretofore taken into account. 2^11 the lands granted to the 
States and Territories have not, however, been segregated from tho public domain, 
the actual amount segregated being estimated at 166,232,615 acres, of which 
60,423,297 acres were for the support of tho common schools, 5,623,120 acres (in 
addition to scrip) for the Ixmefit of agricnltnral and mechanical colleges and uni- 
versities, and the remainder (of which 80,620,000 ac’res aro estimated as swamp 
land) was ^ven for public buildings, charitable, penal, and reformatory institu- 
tions, and for internal iinprovoments. 

‘ * In addition to tho f oregoing disposition of the pul die domain, it is estimated that 

78.500.000 acres have been segregated by private grants from Congress, and by 
claims which had their origin under concessions from a foreign Goveriimeiit before 
the acquisition by the United States of the territory in which they are located. 

“ The total of all lands segregated under the above heads [together with the exist- 
ing Indian, military, and forest reservations and tho Nation^ parks] aggregates 
946,219,160 Acres. 

“In the past thirteen years * * * the Government has, by patents to States, 

* See' Annual Eeport of the Secretary of the Interior for tho fiscal year ending 
Juno 30, 1806. 



OTATl&TICS OF THE PBINCIPAL CEOPS. 


5m 


railroads^ homeatead and oilier settlers, xiud by sales, disposed of about 820 , 000 , 00 ^ 
acres of the public domain. * * Moreover, it is reasonable to conclude that 

a very considerable portion of tlie public domain remaining undisposed of is 
undesirable, because not susceptible of cultivation and not valuable by reason of 
timber growth or ininei'al deposits.*' 


STATISTICS OF THE PBINCIFAX CROPS AND FARM ANIMALS. 

Acreage, product urn i and value of corn and irhmt In IS'JG. 



Corn. 

Wheat. 


Acres. 

Bushels. 

Value. 

Acres. 

Bushels. 

Value. 

Maine 

U,780 

646,800 

$2.57,024 

T.77n 

17(1940 

$143,590 

New Uarnpsluru 

27, iUK) 

1,161,720 

522, 774 

2,447 

.51,387 

.5i,;38r 

Vermont 

4^,«43 

1,904,322 

757,842 

8,407 

205.972 

101,. 554 



43, ‘.)30 

1,845,560 

848. or>.s 




Rhode Island 

8,848 

■ 3(H), 833 

147, 408 




<.V*nncetieut 

48.058 

1. 77:1, 064 

744.663 




New YorJr 

5X257 

17,803,738 

0,700.240 

306,813 

(\,m, 9(i8 

5,587,972 

Now 

2S\>. m 

9,:X338 

3,3.57, 123 

101.0.51 

1,555,260 

1,384,181 

IVnnsylvauki 

1,311.875 

53. 475, (X(0 

17,316,750 

1,266,049 

17,7:37.280 

14,721.947 

Delaware 

33 h 338 

4,0.1:1,670 

1,2:1:1,410 

07,712 

1,75^836 

1,.5')0,170 

Maryland 

()3'1, 004 

19,0:16,128 

6, 370, .561 

4(;{, 457 

7,878,769 

(;,93:j,317 

Virt?mi.'i 

1.770,604 

;w. 067. 4)86 

1.3. 18J,7.56 

615. .583 

5,7;>t,913 

4,5<9,«J0 

North (.'arolira 

3,458.670 

20,504,148 

10, 916, .5.35 

633,140 

4,621,923 

0,8,36. 195 

South C’arohna 

1.73 1,486 

15,781,374 

7,250 4:13 

140, .868 

957, (HI3 

85.2. .5:13 

G(‘ora:ia 

3, !JiS4, 514 

33,830,664 

14.116. 751 

212, 484 

1,0X872 

1,513, B.'^O 

Flono’a 

486,(104 

4,8rh, 040 

2,576,208 




Alahanai 

2.r>95,(;(»i 

32,4(5,075 

14. 600. ,38 4 

40,2;:} 

,'304,184 

33.5.050 

Mr>si} MpiJ 

3,073,103 

27,o;:i,rK)0 

1.3.30:8,203 

4,44)2 

37,9*37 

31,100 

Louimuna 

1.107,310 

1.5,56.-1,080 

7,004,:i6-4 




Tr^as 

3, 303, 486 

:12,228.017 

1:1,213,7:13 

3.87,113 

4, .5X210 

3.306 4K« 

Arltunsa;^ 

3, ‘>01,767 

20,7:13,854 

10,4)07.826 

157,51K) 

1,260,?2() 

80.5,111 

'JViiia sKoo 

a, 

71,80.1,446 

20.1:10.16.5 

779,819 

6,(;28,462 

4,90.5,003 

Virj?irn*i 

?*ri, 073 

31,fl‘<0.J60 

7,374,3U 

m, 836 

4,0.56,511 

3,164,079 

Ivon tacky 

3,800.441 

80, 03*2, .'148 

30. 23‘1, 087 

801. 9:1s 

6.976.861 

6.3(tMU 

Ohio 

3,010.877 

1X601,957 

25.97.'»,:iU 

2 4*22 224 

21,H(X),016 

17,004,012 

Mi< l”;?an 

1, ((.>}, 735 

40,041,4)30 

9,610.063 

1,2s, 117 

3.5,719,898 

13,204,714 

Indij'TM 

3,813.370 

133, 468 265 

25,:i5H 970 

2 204 160 

X 647, 440 

16 517 952 



7,036,488 

284,572,764 

51,22:MI98 

j! 950’, 214 

28d)68; 146 

21,314.438 

W isodti'an 

1.051,(83 

:-iS,K<M),071 

8,5.55,816 

(560, 094 

8,898,9.50 

6,220,305 

Min-U'sola 

1,1‘>0,4()<) 

34,416,974 

0,514,925 

.3,281,624 

46,.5X(KjI 

31,692,5361 

Toav/i 

8,3(6,rno 

321,710,541 

4.5,040, 7:?6 

717,073 I 

11,473,152 

7,ii:{,:j.54 

Mis oiin 

6,516.087 

176.7«B,049 

35,:i5:l,730 

1.4I8,‘.m 

16, .50 4, 473 

11,610,131 

ICrnsiiH 

8,817,801 

247,734,004 

44,593,121 

2,(XX5,137 

»),704,453 

10,4(X),fi05 

N(dnM'-‘ka 

7,0«.3,('^37 

24)8, 51H), 638 

38.817,053 

3,385,043 

1»,31X),(*)03 

11,346,549 

Boiith Dakota 

1, 107,575 

81,i:i6,W)0 

5,604,6.51 

2,4(12,808 

27, .5X 450 

17,101,739 

Noi’th Dakota 

:?7,844 

074,540 

24:1.6:35 

2.529,634 

X 848, 501 

19,](«,(H1 

M<mtaiaL 

1,331 

34,606 

20,764 

45, 443 

1,204.:340 

794,798 

Wyoinijjg 

3,483 

63.075 

48,418 

9.148 

224. 120 

138,958 

Colorado 

178,30.8 

2,8.53.928 i 

1,027,0.74 

l,5i),.S.30 

2,; 07, 382 

1,706,281 

New liTexko 

31,?J60 

;kS8,160 

m, 488 

38, ft>7 

818,097 

5.3'), 944 

Arizona 




]4,.5(X) 

3:33, .500 

266. 8IX) 

Utah 

8,67)6 

! 216,2.50 j 

110,288 

1X803 

2,803,7.5:1 

1,9(X5,553 

Nevada 


! 


6,(X)1 

180,030 

134,321 

Idaho 




! 9«, 1;37 

2, 404, 113 

l,,5«i2 078 

Waishington 

6,818 

05.452 

I 54,408 

! 404, *34^4 

8,358,193 

6.185,003 

Oregon 

13,529 

207,638 

166, 677 

602.773 

10,247,141 

7,377,943 

California 

60,529 

2,203,573 

1,167,:)64 

3,088.849 

45,097,195 

37,4:X),672 

Oklahoma 




2(X), 135 

2,601,755 

1, 7('9, 193 


/_"'l 






Total 

81,037,156 j 

2, 2:X 875^65 

491,006,967 

31.618,646 

427,684,340 1 

1 



Pi'oduction and (wpoti^s of corn for //.•*' Jsih} to ISUG, 


Year. 

Total area 
of crop. 

Total pro- 
ductioii. 

Total value 
of crop. 

Value 

per 

bushel. 

Yield 
per 1 
acre. ' 

Value 

per 

aero. 

Exports for fiscal 
year. 

1«94 

1806 

1890 

Acre$, 

03, .582, 269 
82,076,830 
81,027,160 

Butihslt* 

1.212,770,053 

2,151,138,680 

2,283,876,165 

DoUam. 
554,719,163 
544,985,584 
! 491,006,967 

i 

Cent*. 

45.7 

25.3 

21.6 

Bufikels, 

19.4 

20.2 

28.2 

D0a$. 

8.80 

6.04 

0,06 

1 BtuheU, 
28,686,406 
j 101,100,875 

1 

Perct 

2.4 

4.7 

1 




•Thn OEports toe for the twelve months beginning J nJty 1 of the year set opposite to them. ] 








STATISTICS OF TH® PRINCIPAL CROPS. 

Production and courts of wheat for the years ISOJ^. to 189G, 


Year. 

Tata! area 
of crop. 

Total pro- 
duction. 

Total value 
of crop. 

Value 

per 

bushel. 

Yield 

■per 

acre. 

Value 

per 

acre. 

1884 

1896 

1890 

Acres. 

84,882,436 

84,047,332 

84,018,040 

Bushels. 

4(10,2(i7,410 

4(i7,102,947 

427,684,340 

Dollars. 

225,902,025 

237,938,998 

310,002,639 

Cents. 

49.1 

60.9 

72.6 

Bushels 

13.2 

13.7 

12.4 

Dolls. 

6.48 

0 99 
8.97 


Per ct. 
31. & 
27,1 


Disj)ositlou of the corn crop of 1S0C>, 


State or Terri- 
tory. 


Ci'oi) of 180(). 


Stock on hand 
aiarch 1, 1807. 


Maine 

New Hampshire 

Vermont 

Massachusetts.. 
Rhode Island ... 

Connecticut 

New York 

New Jersey 

Pennsylvania. - . 

Delaware 

Maryland 

Virginia 

North Carolina. 
South Carolina . 

» ia 

a 

Alabama 

Mississippi 

I»ouisiana 

Texas 

Arkansas 

Tennessee 

West Virginia.. 

Kentucky 

Ohio 

Michigan 

Indiana 

niiiiuis 

Wisconsin 

Minnesota 

Iowa 

Missouri 

Kansas 

Nobz’aska 

South Dakota... 
North Dakota .. 

Montana 

Wyoming 

Colorado 

Now Mexico.... 

Arizona 

Utah 

Nevada 

Idaho 

Washington 

Oregon 

California 

Oklahoma 


Bitshch. 

m,m 

l.lfil,73() 

1 , 994,322 

l,«45,r>($0 

l,77:i,(Jt»4 
17,892,738 
9,335,338 
52,475,(01 
4,933,C7(i 
19, 10}, 128 
38,007,986 
29,604,148 
15,781,374 
33,829,654 
4,800,940 
445, 075 
27,973,390 
ir>,505,o;io 
32,238,017 
29,7211,854 
71,893,446 
21,089, 160 
80,933,348 
123,091,957 
40,041,930 
1:43,408,265 
284,572,764 
38,890,071 
31,446,974 
321,719,641 
176,768,649 
247, 731, (KW 
298,699,038 
31,130,960 
974,540 
34,006 
62,075 
2,862,928 
388,100 


Bufihele. P ct. 
104, (»68 30 

400,002 :i5 

817.072 41 

027,490 34 

141,:i91 47 

066,011 37 

8,051,732 45 

4,10:3,149 44 

23,013,750 45 

2,4(K),838 60 

0,170,010 40 

17,891,953 47 

13,270,8(J: 45 

8,048,501 61 

10,414,827 60 

1,944,376 40 

14,924,734 46 

13,308,292 44 

4,980,810 32 

0,123,437 19 

9,2l4,m 3] 

80,195,247 42 

9,109,447 42 

36,419,657 45 

01,845,978 50 

18,819,707 47 

69,4(X1,498 52 

156,615,(0) 65 

17,111,031 44 

15,501,138 45 

19:i,(K31,72r> 00 

8.3,081,205 47! 

121,389, 6(J2 49 

170, 17.3, 78(i 69 

18,682,170 60 

243,6.35 25 

6, 921 20 

31,038 50 

713,232 35 

124,211 32 


95,452 

297, 

2,202,57.3 


Consumed in 
county where 
grown. 


Bushels I 
541, .3911 
1,161,720 
l,9i)4,322i 
1,8*15, .5601 
285,790 

1,7:17,544 

17,:i5.5,95C 
8,391^804 
40,178,000 
3,200,889 
1.3,1.57,814 
81,977,108 
27,733,890 
1.5,405,747 
31,610,408 
4,609,284 
30,822,821 
07 ifii,l88 

.'244 

72; 8:19, 113 
87,821,289; 
35, m 898 
90,768,430 
1.59,300,748 
30,107,706 
32,035,686 
228,420,871 
152,021,038 
165,981,78:1 
146,31.3,82:1 
26,l.''^,o:i8 
904,795 
.34,(01 
67,7:10 
2,707,:i40 
304,870 


Shipped f)ut of 
county 
whore grown. 


87,810 

2a5,732 

1,806,110 


Total 3, 28:3, 876, 16511, 104, 405, 884 


P.ct Bushels. , 

Pet 

99 5,469 

1 

1(K) 


100 

100 


95 15,042 

5 

9H ,35, 4(M) 

2 

97 636.782 

:( 

90 9.32,5:14 

10 

8s 0,297, (1)0 

12 

65 1,726,787 

35 

66 (J, 778, 284 

34 

84 6,(0), 878 

16 

94 1,770,249 

0 

98 315,027 

0 

96 l,.3i;i,l86 

4 

91 291,0.56 

(*’ 

95 1,622,254 

5 

97 8:19,202 

a 

98 

2 

97 mh 859 


09 297,239 

1 

84 11,602,951 

16 

W) 2,108,910 

10 

90 8,093,2:15 

10 

71 .35,870,068 

29 

88 4,805,032 

12 

08 42,709,845 

32 

56125,212,010 

44 

m 2,722,305 

7 

(Kl 2,411,288 

7 

71 9:i,298,007 

29 

86 ;/4,747,611 

14 

07 81,7.5.2,221 

3:1 

49152,285,815 

5J 

841 4,981,912 

16 

99 9,745 

1 

](K) 


Ol. 4.:J45 

7 

97 1 K5,688 

:i 

94 .23,290 

6 

90 

10 

Wi; 8,650 

4 

85 

15 

JOO' 

0 

92; 7,(0) 

8 

96 11,900 

4 

82 396, 40:i 

18 

84 

16 

72.7023,255,914 

27.3 


Merchantable. 


Bushels. P.ct, 
426,551 

1,0:13,93] 

1,735,060 

I, 005,0:37 

204,732 
1,489,323 
14,493,118 
8,299,551 
45,128,600 
4,341,633 
17,344,431 
.31,977,108 
2tl,898,860 
14,045,423 
27,905.200 
3, 791, ,5.33 
20,604,962 
2.3,497,048 

II, 673,772 
18,048,020 
19,017,744 
61,109,429 
18,002,(X)3 
67,983,172 
110,085,842 
:14.436,060 
122,790,804 
201,806,943 
81,500,958 
20,524,170 
231,038,070 
148, 48.5, 6(i5 
227,915,284 
205,75.3,078 
26,220,930 

082,178 

27,685 

40,349 

2,196,765 

333,818 


81,134 

229,181 

1,982,816 


.31,030,206,537 Hi 


12 a96- 
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DispoBitioyi of the wheat crop of ISOG, 





Consumed in 

Shipped out of 

Weight 

State or TexTitory. 

Crop of 1890. 

March 1,1897. j 

county 
where grown. 

county 

where grown. 

per 

bushel. 

1 

1 

Jimhela. 

Busheh, 

Ret 

RualieU. 

Ret 

Bmhels. 

P rt 

Roundn. 

Maine 

170,910 

73,5(4 

43 

170,940 

100 



58 

Hew HampBhire ) 

.51,387 

15,416 

30 

51,387 

i(H) 



56 

Vermont 

8<Ki,i*73 

T4i 150 


2<r), 972 

10)) 



60 

New York 


2,222,489 

35 

4, 000 ; 480 

(**?) 

2,349, 488 

37 

58 

New Jersey 

i,r>r>.».30o 

404,308 

26 

l,:i5:),07« 

87 

202, 184 

13 

00 

Pennsylvania 

17,7:i7,38«i 

5,?)21,180 

30 1 

13, 9(4 


4,434,?122 

25 

58 

Delaware 

i; 758’, 810 

440 

22 ! 

750.24)1 

43 

l.(Kr2,525 

57 

59 

Maryland 

7, 878, 709 

1.57.5, 7r4 

2») 

.3,1.51,508 

40 

4, 72T, 261 

00 

58 

Virginia 

i 5,7.31,91.3 

].20;i.232 

21 

?),4?4.948 

00 

2,289,965 

40 

58 

North Carolina , 

i 4,031,933 

1,15.5,480 

25 

4,4S:).fi(4 

97 

138,058 

a 

5S 

South Carolina 

! 9.>7, JXW 

14?1.('»85 

1 5 

9.57, 902 

IfH) 



59 

Georgia 

l,0{n»,«r3 

?3(r,,977 

18 

1.(4.8,870 

97 

50,990 

3 

58 

Alabama 

314, 184 

5.5,180 

u 

38;i.?)58 

97 

11,820 

3 1 

56 

Mi8KisHix)pi 

37, 93<' 

7.965 

21 

?)7. 9?*7 

100 



57 

Texas..*? 

4.n35»,310 

543, .505 

12 

4,070.289 

90 

45.2,921 

10 

56 

Arkansas 

1.30.0. 7;.*o 

277,358 

22 

1.U7.J15.5 

91 

11 :), 465 

9 

67 

Tennessee 


1,;i25.(W2 ! 

S 

4. .*{08. .500 

05 

2.319,962 

35 

57 

West Virginia 

4,orwi.5il 

1,09.5.2.58 

27 

3.042.?{s:{ 

75 

1.014,128 

;i5 

58 

Kentucky 

6, 970. 8(51 

1,040. ,529 

15 

A.m, 42*1 

m 

;i, 581, 439 

37 

56 

Ohio 

21.W)0, 010 

5.014,0(4 

23 

14,000,011 

07 

7.194 (X)5 

33 

54 

Michigan 

15, 'll 9, 898 

?), < 72, 770 

24 

«,910,7,').> 

44 

8.80:).143 

56 

58 

Indiana 

}30,(47,440 

3, .510, 005 

17 

11..5<12,,560 

.50 

9,084,874 

44 

58 

Illinois 

28,008,144*. 

4,.580,9(K) 

10 

14,334.07.3 

.50 

14.3:)4,073 

50 

56 

Wisconsin 

8,8W.950 

3, 02.5. (4?) 

34 

7 .‘i08, 150 

81 

1.090. HTK) 

19 

55 

Minnesota 

4(i.:)l»!t001 

12.11.5,756 

20 

1.5. 84?). (**81 

?U 

?)0. 'I’m, ?)80 

66 

56 

Iowa 

11 , 47 : 1 . 1.53 

3,.V)0,077 

31 

7.2?i8,08t{ 

«:) 

4.. *145, 066 ! 

37 

67 

Missouri 

10,591,47?) 

2,H21,<K)0 

17 

9.1*10.900 

55 

7.407,513 

45 

58 

Kansas 

30. 794.4,'>3 

4>9?»7,112 

16 

1.5.3{#7,226 

50 

15,39r.?220 

50 

58 

Nebraska 1 

19.390, 

5,429.?)«9 

2H 

9,095,?)01 

.50 9.095.301 

50 

56 

South Dakota i 

27, mi 450 

7,447,.5?)2 

27 

8,275.011.5 

30 

: 19.?)))S,415 

70 

57 

North Dakota 

29.848,501 

5,372,730 

is 

(’).5(*0.(>;o 

22 

1 23.281, 8?)! 

78 

57 

Montana 1 

1,?J(M.240 

.*40.848 

2<) 

l,))47.(h'-9 

87 

1 1.5))., V)l 

13 

56 

Wyoming 

2;i4. 120 

71, 720 


2<J1.71.3 

90 

1 ?rj.413 

10 

62 

Colorado 

2,797,182 

r)5»,4?)0 

20 

1.7t‘*2..‘125 

0) 

1,0.34,957 

?)7 

59 

New Mexico 

818,<»97 

171.800 

21 

719. 925 


' 98. 172 i 

12 

58 

Arizona 

:i3:), 500 

(Ni, 700 

21 

29)). 815 

t 89 1 3t{.0.S5 

11 

60 

Utah 

.2,803,7.’*?) 

841.120 

?i0 

1..514,)e7 

54 

; l,*289,7.*k> 

46 

60 

Nevada 

i8<i.o:}(» 

28 805 

10 

149.425 

8.) 

i 30, o«r> 

17 

58 

Idaho 

2.404,112 

ri:»8.9(6 


i 9ra. )54.5 

40 

1 1,44.2.407 

00 

59 

Washington 

8,iri.8,i9:i 

919.401 

11 

2. .507. 458 

.'50 ; 

! 5,850,7?U 

70 

(10 

On*gon 

10.247.141 

1.5)7.071 

15 

3, 088, 971 

‘M i 

1 0..V>8,170 

04 

59 

California 

45,0!>:. 195 

4.0.58,748 

9 

14.431.102 

?)2 ! 

3o,ooo.(;u;) 

08 

60 

Oklahoma 

2,001,7.55 

312.211 

12 

3,.7«),018 

i 58 i 

; 1,092, 7;>7 


59 

Total 

427,084,?i40 ; 

KH,149.(»T2 . 

2 »i 0 

2IV», lvV8, 2,J9 ! 

! 48 j; 

221,220,077 

51 7 

,“■ 5 ^ 


i 


Quautitie^^i af wheat avd wheat Jloar exported f rutn thr Vuited to tlte leading 

eountrh's of dcaiination daring thejire i/earft / nding Jane .. /, 


(Nmntry to whirh 
ox]>ort**(i 


Yoar oiitlni:' .Tn^n* 00- 


Annual a voraj^-f, 


Btiltfiitm 

Donmark 

Franco 

G-c*ruiany 

Nether Inmls 

Portnjfal 

Sweden and Norway, 

United Kingdom 

Canada 

Central Arnoriua 

Mexico 

BritiBh West Indies.. 

Culm 

Brazil 

British Guiana 

Venezuela 

Hongkong 

Other countries 


1M)2 

189?). 

^^•4, 


]S;)0. 

1H‘»2 18: 

Wi 

Ihc^thrls. 

Jtushvla 

Bushels. 

Ihisheh. 

Bushels. 

Bushels. 

Ret 

20,491 :»28 

9,074,00?) 

7, 8V). 5) (4 

5,919,209 

;{.4?)(>,189 

9,474,400 

;5.5 

l.920,:r>i 

1.81.‘).:)73 

1,1.51,141 

8)12, 07)J 

019.601 

1.244,640 

.7 

4?), OHO,:?.)" 

7,.50r;,.VV> 

8,709,9?)1 

l.OOi.TriO 

127., 472 

1*2, 205. 604 

7.2 

7..S80, 172 

4,0.‘^0,))02 

3,m8,?)59 

3,681.8,5.5 

1,7.51.212 

4.088.33:3 

2 4 

11,0.>1,.'113 

12,817,7;12 

11,992, ?)J),5 

7, .584, 11:1 

3, 75 . 5 . (’jOO 

9,440,244 

6.5 

3,101,013 

.5.(KI8,2:)0 

5,757,62?) 

2.09*2.078 

3.01)8,101 

3. 94 ;). 4(9 

2.3 

3,:)8!),?):)7 

1,047,1:12 

747, ,50?) 

7i:).72t) 

404,(H*»2 

872.36?) 

.5 

IiO,511..V.5 

119, 1(1, .504 

9.5,810 98)J 

94,ns7,Os7 

80..598,0;)9 

100,029,9.54 

.58.6 

0,980,(l.>4 

7,772,419 

6,2S0,t)43 

7,7n,7?«) 

7. 149. 875 

7,1.H2,1?.Y* 

4 2 

1.0)»,7r)4 ! 

1,019,4.5.4 

l.H«,34() 

1,309,145 

i,19S,;{01 

1,1.51,779 

, 7 

l.'»0.770 : 

240. 4.51 

2:)8,780 

242.2;)l) 

:in.88i 

218, ()22 

.1 

2,U?).49H 

2,3)13.282 

2,470.809 

2,344.948 

2, .578, 7U 

2,m. 4.50 

1 4 

1.(>47,K)0 

2,77.>,05:) 

2,980,110 

1,709.?)76 i 

79.5, .‘157 

1,98],. 548 

1 2 

4,298,084 

3,8.10,004 

4.143,973 

3,489.475 ! 

3.921,6.59 

3,934.75!) 

2.3 

7(h), ?):« 

81.8, ?)T() 

9f{4,8l2 

878. 954 

7.51,6.5?) 


.5 

m.mr 

Oj55, 174 

974,447 j 

9:?l.(Ki0 

' 980,087 

941.30?) 

.6 

2,0V.). (*,05 i 

2.47.5,594 

2,«20.2:tt5 

?). 5.54, 043 

3,718,0.)] 

2,8‘<6,T02 

1.7 

0,2U,?j02 1 

8,(i06,rj?) ! 

7,359.108 

.5,565.8‘ri 

11,270,808 

7,801,378 

4.6 

225,60.5,872 1 

roryi2."o?)?r 

104.?^K),129 |l44,8J2,718 

120, 4 4?), 968 

17)), 02 : 1 , 652 1 

100 0 
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Disposition of ike oat crop of 1896, 


State or Territory. 

Crop of IWJd. 

Stock on hand 
March 1, 1897. 

Consumed in 
county 
where grown. 

Shipped out of 
county 

where grown. 

Weight 

per 

bushel. 


Bushels, 

Bushels. 

P.ct. 

Bushels. 

P.ct. 

Bushels 

P.ct. 

Pounds 

Maine 

5,869,880 

2,768,844 

47 

5,517,687 

94 

352,193 

6 

as 

Now Hampshire 

1,100,558 

417,801 

36 

1,148,952 

99 

ll,(«Xj 

1 

81 

Vermont 

i,71rt,ii06 

2,310,990 

49 

4,li69,14:i 

9il 

47,163 

1 

m 

Massachusetts 

540, 864 

109,973 

20 

549,864 

100 



81 

Rhode Island 

u:j,9.50 

48,568 

43 

111,820 

99 

1,130 

1 

28 

Connecticut 

(VC, 016 

24:1, 586 

38 

641,016 

KX) 



28 

New York 

40,916,064 

26.954,676 

54 

45,423,618 

91 

4,492,446 

9 

81 

Now Jersey 

i),6a(»,400 

1,810,245 

50 

3,149,82(> 

87 

470,664 

18 

80 

Pennsylvania 

36,086,821 

16,060,806 

47 

31,395.534 

87 

4,691,287 

13 

31 

Delaware 

548,071 

208,2(47 

38 

400, 380 

84 

87,691 

16 

80 

Maryland 

2, (*40,102 

612,058 

30 

1,550, ,5445 

70 

489,646 

24 

20 

Virginia 

8,40:2,296 

3,142, 150 

37 

7,388,2i58 

87 

1,101,998 

18 

29 

North Carolina ...... 

6,777.256 

1,444,314 

25 

5,430,621 

94 

346,635 

6 

80 

South Carolina 

2,054,708 

295, 480 

10 

i 2,895,702 

98 

69,090 

2 

31 

Georgia 

5,085,288 

1,017,058 

20 

4, 983, .582 

98 

101,7(J6 

2 

80 

Florida 

540,7112 

109,946 

20 

527,743 

96 

21,989 

4 

29 

Alabama 

4, 454, 870 

801,877 

18 

4,36.5, 773 

98 

89,fl97 

2 

80 

Mississippi 

i,r»oo,2r6 

22:1,898 

U 

1,567,288 

9.8 

31,985 

2 

80 

Louisiana 

345, 4.50 

17,272 

5 

345, 450 

lOO 



29 

Texas 

12, 668, 860 

2,027,018 

16 

10, 895; 220 

m 

1,77:1,640 

14 

29 

Arkansas 

5,070,456 

1,167,355 

23 

5,0:i4,701 

99 

50,755 

1 

27 

Teimosseo 

7,2(»5,418 

2,2:13,680 

31 

6, 124,60.5 

85 

l,080,8i:i 

15 

80 

West Virginia 

3,847,872 

1,462,191 

88 

3,655,478 

95 

192,394 

5 

80 

Kentucky 

10,51.5,981 

3,785,75:4 

36 

9.464,;KJ 

90 

1,051,598 

10 

20 

Ohio 

32,553,689 

14,649,160 

45 

24.415,267 

75 

8,138,422 

25 

20 

Michigan 

;K),07».2(K> 

13,2'M,874 

44 

21,05;5,4H2 

70 

9,m, 77$ 

30 

80 

Indiana 

34,4;tl,237 

12,:i95.965 

36 

23, 934 

69 

30,674,303 

31 

28 

Illinois 

81,581,952 

36,370.239 

43 

:i8,061,878 

45 

46,520,074 

56 

27 

Wisconsin 

65,257,675 

32,628,838 

.50 

46,985,526 

1 72 

18,272,149 

28 

31 

Minnesota 

56. 766,5130 

28,9.50,8:41 

61 

41,4:19,425 

73 

15.326,911 

27 

81 

Iowa 

1(15,641,8.55 

, 49,(i51.672 

47 

64,441,5:12 

61 

41,20), 32:3 

39 

26 

Missouri 

! 19,850,490 

7, 146, 176 

36 

17,468,4:11 

88 

2,382,050 

12 

24 

Kansas 

.‘23,808,759 

8,094,978 

34 

19,999,358 

84 

8,809,401 

16 

24 

Nebraska 

34,092.6:11 

18,75(MU7 

55 

21,887,621 

73 

9,205.010 i 

27 

23 

South Dakota 

17,957,445 

10,056. 169 

56 

14.904, 679 

8:i 

3,052,766 i 

17 

80 

North Dakota 

11,2:18,788 

5,169,842 

46 

10,227,297 

91 

3,011,491 

9 

82 

Montan.a 

3,050,770 

l,28l,:42;i 

42 

2,288.(58 

75 

762,09*2 

26 

35 

Wyoming 

417,312 

1.50,2:12 

J16 

:mF27 

m 

a3,:i85 

8 I 

39 


2,600,724 

988,275 

38 

l,82(».rj07 

70 

780,217 

30 i 

86 

New Mexico 

221,157 

101,732 

46 

110. 579 

50 

110,578 

50 

88 

Arizona 








34 

Utah 

958,132 

411,1197 

43 

641, ms 

67 

3i6,i84 

33 

83 

Nevada 








37 

Idaho 


572,954 1 

44 

«;i:i.:i8.s 

64 

4^,7^ 

86 

86 

Wasbingtou 

3,017,7<2 

754, 443 I 

25 

l,r)6!l241 

f.2 

1,448,, 531 

48 

33 

Oregon 

8,a54,319 

ie5,o:i7 

24 

2,698,(?i;l 

70 

1,356. am 

30 

as 

Caliromifi 

1,827,171 I 

305,434 

20 

1,425,193 

78 

401,978 

22 

34 

Oklahoma 








28 



i 






Total 

707,316,404 

312,814,923 j 44.2 

510, 701544 

73 

j 190,642,860 

27 

28.6 


Tho following table shows the number of acres devoted to certain principal crops 
for every 1,000 acres of improved land in 1^79 and 1889, as determined by the Tenth 
and Eleventh Censuses: 

Changes in acreage of principal crops. 


Crop. 

1879, 

1889. 

Increase or | 
decrease. | 

Crop. 

1879. 

Acres. 
107.6 i 
60.7 j 

1889. 

Increase or 
decrease. 

Com 

Wheat 

Chitn 

,>icres. 

219.0 

124.4 

56.7 

7.0 
6.5 

8.0 

Acres. 

201.6 

93.0 

79.2 

9.0 

6.1 
2.4 

Aci'es. 
Docrease.. 17.4 
Decrease.. 30.5 
Increase .. 22,6 
Increase .. 2.0 
Decrease.. .4 
Decrease.. .6 j 

Hay 

Cotton 

Total area 
in those 
products. 

Acres. 

148.1 

56.2 

Acres. 
Increase ... 40.5 
Increase... 5.5 

^rley 

Rye... 

Buckwheat 

674.9 

500.5 

Net Increase 21.6 


It is thus shown that for every 1,000 acres of improved land in 1889 there were 
48.9 fewer acres in corn, wheat, rye, and buckwheat, and 70.5 more in oats, hay, 
barley, and cotton than for the corresponding area in 1879. 
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Ai^reagCy prodnctioiiy and value of oats and harley in 1896, 


Stato or Territory. 

Oats. 

Barley, 








Acres. 

Bushels. 

Value. 

Acres. 

Bu.shcl5. 

Value. 

Maine 

1 to, 747 

5,869.680 

$1,819,068 

12,355 

878,063 

$162,567 

New Hamptjhire 


1,1(K),558 

400,195 

5,335 

150,316 

82,847 

Vermont 


4,716,800 

1,402,055 

18,205 

003, 735 

2i7,.58l 

Ma«»a<*hu6ottH 

15,274 

540,861 

102,462 

1,8330 

6.5,170 

31,009 

Khodo Inlontl 

«1, 7{»5 

112,060 

a5.()14 

861 

11,040 

(),C29 

Connecticut 

2.2,1 at 

041.010 

108,715 




New York 

1,512,«W 

40,010,004 

12,078; 177 

2l3i,7U 

4,034,005 

1,024,630 

Now Jersey 

lOi), 4H5 

8,020,400 

l,033},73r 




Pcimsylvania . * 

l,lH4,fWd 

80,080,821 

8. 000; 8317 

i(),25i 

iTO/.ilT 


Delaware 

18, «W 

648. 071 

11,5,005 




Maryland 

ki! 0fl8 

2,040,102 

400 244 

' ( 

Vir^nia 

4.5H,043 

8^402, 200 

2,207,007 

i . 

North Carolina 

481.4^18 

5. 777,250 

2; 022; 010 

1 

South Carolina 

2fW,fll8 

2.0.54,703 

i;t18. 303} 




Geoi'pria - 

42Ji; 71'4 

.5, 08.5' 288 

2. 084. IN W 




Florida 

4.1.811 

540. 7H2 

■ 201 . ;r».s i ’ 

Alal)aina 

r»l8! 2(1“) 

4,454,870 

1,826, 407 




Mississippi 

I2;i,h;2i 

1,. 500. 273} 



Douisiana 

«4, 545 

845,4.50 

117.453} 



Texas 

(Hfit. 44U 

12.008; 800 

4,:}07,412 

2.;}oo 


11,160 

Arkansas. 

m 7, 21(5 

5.07.5,450 

1..573}.8tn 




Toniiesftoo 1 

4:iO.(«UJ 

7, 2115; 418 

1,8731.400 

1,008 

27, ^t2 

12.556 

West Virginia I 

lutj, :i2H 

3}. 847, 872 

1,077,404 
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10, 51.5; 081 

2, 523}. 8,3.5 

1,844 

27,201 

10.010 

Chio 1 

IJJTih.llO 

312. .5531, (iB0 

5,.53}4.127 

27, 197 

.540,379 

.208,764 

Michigan 

. 1. (m2, 642 

80. 0:0. 280 

5. n5.(X59 

57,.5(**:5 

3,2831,700 

5310,154 

Indiana 

1,187,31.5;} 

84. 43};}. 287 

5, .500. .318 

,5.440 

110.615 

36.563 

Illinois 1 

' 31, 0*20, 78-1 

81, .581,0532 

12,087.20.3 

17,20.2 

400.820 

127,044 

Wisconsin ' 

! l.M.il,505 

05,257.07.5 

11,00.3, sir> 

.32»», 425 

8,0 It, 045 

2.414.892 

Minnesota 

' 1,720,1(12 

.50,7«0..*}3m 

8, .51 4, 0.50 

410. .557 

uym/m 

2,266,070 

Iowa 

1 11,841,522 

105,041,8,m 

12.077.0:^3} 

880,607 

10,246,664 

2,151,799 

MisHouri 

' 1,102,805 

10. 8.50, 400 

;}.3}74,5h3} 

700 

13,083 

3,406 

Kansas . . . 

, 1.8;U,44:} 

28, 80S.-; .-,9 

:}.8<)0.4oi 

18,880 

86,6,59 

10,065 

Nebraska 

1,704.3140 

cU (102,0311 

3}, 750. 180 

45.017 

W7,778 

172,418 

Houtli Dakota 

, (152.008 

1 7, 057, 445 

2,:}3U.4a8 

116,006 

,3,3}OH,7i}6 

0‘iS,060 

North Dakota 

51'), 851 

11,2318,788 

2,022.082 

2*}.5. r>.‘.>0 

3, 701,872 

796, 2*3 

Montana 

01,010 

8,050,770 

045 73JO 

5, 701 

142.525 

78,389 

Wyoming 


417. 3112 

.‘.*21.175 




Colorado 

02, 8831 

2,(KI0.724 

780.217 

12, W)i 

2,57.220 

iik;5i 

New Mexico 

8.J01 

221.1,57 

88 !(>} 

1,241 

3*8.570 

15,326 

Utah 

: 25,214 

0 >8. 1832 j 

873}, (»T 1 

6.3}66 

172,51!) 

172,458 

Idaho 

‘ 311, (XM 

1 3102.108 

3)5*0. 0.50 

10,000 

162,27‘2 

:}5,700 

Washington 

' 831, K*27 

8.017 772 

1,207, iiKi : 

40.004 

1,042,444 

410,078 

Oregon 

1S31..V10 

.8.8.54,810 

1,271.025 1 

.3O.0.V} 

674.841 

3103,078 

California 

58.041 

1,825,171 

803,055 

01v8,:}H[ 

10,83)7, OiU 

0,521.805 

Total 

27, 5(55, llo5 

1 707,3)40,404 

1 U2. 485,03}:} 

, 2,0.:0,5iS0 

I JO, 605. ‘223} 

! 22,491,241 


Product ion of oata for the g'^ars lyUJf to isa*:. 


Year i Total pro- 

ducnori. 

i 1 

1 1 

Total area \ Total value 
of crop, j of cri>p 

1 1 

1 Average j 
! value per 
Imshel. j 

Averagt' 

! yield i>er 
acre, j 

A^ orage 
valuo 
Iter acre. 

j liuMlirh. 

1801 1 (i02.036,(«8 

iSUfi 1 8:M.443,fi37 1 

180(i - ' 707,3)-16,401 i 

! 1 

jtn'cs. Dollars. 

27,0231,5.53 I 214.816.020 | 
27,878.406 i 163), 6.55, OCvS i 
27,565,085 ^ 132,4^5,083 

Cents. 
32.4 
10.0 
18 7 

Dushch. 

24.5 

20.6 
25.7 

Dollars. 

7 (r> 
r. 87 

4.81 


Out exports of oats (including oatmeal reduce d at the rate of IS pounds to the 
bushel) rarely exceed 1 per cent of Die total cro[), the highest latio being 2.1 per 
cent, for the fiscal year 1S95-06. 

The barley acreage in 1895 was the largest on record, and the average yield per 
ac*re was the highest in a quarter of a ceiitury. 
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Wheat crop of the v^orld for the years 1802 to 1800 . 


Country, 

mz. 

1893. 

189i. 

1895. 

1896. 


BuaheJs. 

fiuaheh. 

Btuihcls. 

1 

Buahels. \ 

litLshels. 

United States 

5l5,m(KK) 

396,132,000 

460,267,000 

467,l(fiJ,(XK) ! 

427,684,000 

Canada 

40,70l,{)Clf> 

42, 650, (XX) 

44,583,000 

57,460.000 

40,8(a000 

Mexico 

14,000,000 

IS.OOO.fXX) 

18,(K)0,(X)0 

14, (XX), 000 

8, 000, (XX) 

Total North America — 

579,650,000 

45:1, 782, (ro 

622, 850, (XX) 

538,563,000 

476, 493. (XX) 

Argentina i 

3«,000,OfX) 

.57,000.000 

80, 000, (XX) 

(X), (XX), 000 

48, (a), 090 

Uruguay 


A,7«),(XX) 

8,915,000 

10. (XX), (XX) 

6,(XaO(X) 

Chile.,;. 

16,500,000 

19,000,000 

16, (XX), 000 

15,000,000 

12, (XX), (a) 

Total South Ameriai — 

55,792,000 

81,7«1,C(X) 

104, 915, (XK) 

85,0(aC00 

66,000,000 

Austria j 

”~«j7i7i7of!o 

43.6«),(X’X) 

’”4^I(X)7(XX)' 

'^h’iwyixxT 

43, 991, (XX) 

Hungary 

112, .W. 000 

158,42.5,000 

141,a58,0(X) 

140, (XX), 000 

15O,0f«),(XX) 

Croatia-SIavonia 

7,071.000 

8,223,(X)0 

8,786.(XK) 

6,2(X),(XX) i 

8,(xa(a) 

Bosnia-Hcrzegovina ! 

2,(KK».0(X) 

2.(XK),(XI0 

2, (XX), (MX) 

2,(XX),(X)0 i 

2 ,(rx),(x )0 

Montenegro 

25<»,0'0fJ 

2.50,000 

2)0, (MX) 

220, (X)() 

220,000 

Servia 

10,OOi),0(X) . 

8, (151, (XX) i 

7..5(X),(XX) 

9. 400, (XX) 

9,3U0,(X)0 

Koumania 

63,IH2,<XXJ 

(X), 115, 000 ' 

43,5S7,(XX} 

fi8,.5a3,(XH) 1 

ao.aatxx) 

Turkey in Europe I 

2»),(XX),(XK) 

20, (XX), (XX) i 

20,(KK),fXX) 

2I,.5(X).000 

24,000,000 

Bulgaria i 

40,441,(XK) 

a>,i*H7,(X)0 

30. era (XX) 

37,000,(XX3 

45,(Xa(X)0 

Greece 

4.5<X),f«3n 

6, .500, (XX) 

5,5(X).(XX) 

4.(Xa(XK) 

4,8(X),(X)0 

Italy 

11.5. 68.5, (XK) 

ia5,227,(XX) 

131,. 59.5, 000 

106, 181,000 

132, 000, (XX) 

Spain 

82.:.^H,(J00 1 

93.484,(X)0 

105, (MX), (XX) 

92.000,(KX) 

83,0(a(Xl0 

Portugal 

6, (XX), (100 1 

5,500,000 

9, (XX), (XX) 

7,(xa(XX) 

5,6(a(XX) 

Franco 

GIO, K16,(WX) 

277,5(a(XX) 

347, .5:17, (XX) 

339, 129, (XX) 

337,823,000 

Switzerland 

4,(XX),(:fX) 

3,;xw,oo() 

4,5fH),(XX) 

.5, 000, 000 

4.8(X),(X)0 

Germany 

116. 215, (KX) 

llO.OiO.CXX) 

110, 681. (XK) 

VXi, 1.59,000 

106.140,000 

Belgium 

10. ."X a (XX) 

17,»X),0()0 

19,8(X),0(X) 

i8.ixaooo 

17, 216, (XX) 

Netherlands 

! 5, 080. (XX) 

4.971,000 

4, 346. (XX) 

5, (XXI, (XX) 

5, 400. (XX) 

Great Britain 

(M), 407, (XX) 

50,«a(XX) 

61.(Xi4,(XK) 

;18,J^8,(XX) 

58. 8.51, (XX) 

Ireland 

2.214.(X)0 

1,666,0(X) 

1 1.5;i2,(XX) 

],l(a(*(X) 

l,m.(KX) 

Denmark 

4,1X14, m 

4, 661, (XX) 

1 4,162.)KX) 

4, .591, (XX) 

4,. 'WO, (a) 

Sweden 

4,n4:i.(xx) 

3, 893, (XX) 

1 4. 467. (XX) 

3. 798, (XX) i 

4.071,O(X) 

Norway 

2.*X).0(X) 

275, OCX) 

275. (XX) 

260.000 

300,000 

Russia in Euronc 

CUT. 570. (XX) 

461.861,000 

1 418.225.(X)0 

376.885,000 i 

a05. 148.000 

i 

1,410, 588, (XX) 

:l,t»14,298,000 I 

r5Fi7()5). oooT i 

1,437, 050, (XX) 

1,484,301,000 

Russia in Asia 

72, (X)0,(Xxr 

7(},i«)7^0(Xr 

877608, (KxT 

“a3T499,0rx7 

r'^Mx'aooo 

British India 

2<X».6P),(XX) 

2»18,53!).(XX) 

252, 784, (XX) 

234. 379, (XX) 

i 181, 997, (a) 

Asiatic Turkey 

4t,()00,fXX) 

48.(XH),(XX) 

4.5,1 XX), (XX) 

4(').0(X>,UOO 

44,000,(X)0 

Persia 

18, .5)17, (XX) 

20, (XX), (XX) 

2;j.fXX),(X)0 

22, (XX). (MX) 

1 20,000,000 

Japan 

1,5. 741. (XX) 

16, 848, (XX) 

20,310,(X)0 

16, 5(X),(XX) 

1 16, 000. (a) 

Cyprus 

2,(X)0 (MX) 

2, (XXI, (XX) 

2 ,ta).ooo 

2,J«X),(X)0 

2,400,000 

Total Asia 

a58,948,(XX) 

i 432.384,000 

429. 702, (XX) 

4^)4, 578, (XX) 

;i39,:i07,(xx) 


'~8,2r»2,<X)0 

'“10,000.000* 

i2,(j(Xl^“ 

i7(xa(^) 

i2,oiaax) 

Tunis 

8.(XK),(XX) 

4.(XM),(XX) 

I 10,700,000 

7.6(K),(XX) 

5, (MX). (XX) 

Algeria 

19. 970, (XX) 

20,274,(XI0 

28, (XX), (XX) 

24,K(X),(XX) 

17, (a), (XX) 

Cape Colony 

3,5(X),000 

4,014,(X)0 

3, 195, (XX) 

2,542,0(X) 

3,200,000 

Total Africa 

39.731,fX10 

J18,288,()00 

54,7a5.0(X) 

48, 842. (a) 

! :i8,4(aooo 

New South Wales 

* 4,"(XS9,0(X> 

^«fl2,«X) 

"T,7(a(xxr 


5^5).1)00 

Victoria 

14, 110, (XX) 

1 15,282,(X)0 

ir),7;x),(xx) 

11. 807, (XX) 

5, 848, (XX) 

South Australia 

(J,63«,IXX) 

»,.531.(XX) 

14,047,000 

8, 027. (MX) 

5,U6,(XI0 

Western Australia 

1105, (XJO 

! 44;i,(HX) 

637, (XX) 

170.000 

194, (XX) 

Tasmania 

067,000 

1,051,(X)0 

860, (XJO 

899, (XK) 

1,202,000 

New Zealand 

10. .581, (XX) 

8.642,(X)0 

6 , 046, (XX) 

3, 727. (a) 

7,059.000 

Queensland 

405,000 

477,000 

426, (XX) 

562,000 

128,000 

Total Australasia 

37,(liao00 

42,458,000 

43,3(U),(XX) 

32,461,000 

25,906,000 

Recapitulation hy continents: 






North America 

579,a50,000 

453,782,000 

623,860,0(X) 

51)8,663,000 

1 470,493,000 

South Amertca 

6.5, 792, (XX) 

81,703,(XX) 

104, 915, (XX) 

K5,(a),000 

1 66,000,000 


1,410,588,000 

1,614, 298, (XX) 

1,621, 0t»).(X)0 

1.437, 050, (a) 

11, 484, 301, (XX) 


;)58, 948.000 

1 432,384, (KX) 

429, 702, (XX) 

404, 578, (XX) 

! 339,397,000 

Africa 

39,731,000 

38, 288, (XX) 

i 54, 795, (XX) 

48,842,000 

3B,4(X),(X)0 

Australasia 

37,096,000 

42,458,000 

43,360,000 

32,461.000 

25,906,a)0 

Grand total 

2,481,8(X5,000 

2,562,913,000 

2,076,651,000 

2,546,494,000 

2,430,497,000 
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Acreage, prodwtion, and value of potatoes and hay in 1S9G. 


State or Territory. 


Potatoes. 


Acres. 

Bushels. 

Value. 

Maine 

49,140 

8,108,100 

$.'3,081,078 

Now Hampshire 

2), 688 

2,323.604 

1,04.5,047 

Vermont 

fl7,337 

3.499,i:)6 

1,014,749 

Massachusetts 

.26,854 

2,9(K),213 

l,663,i:i3 

Rhode Island, 

6,518 

684,390 

5X19,571 

Connecticut 

34.347 

2,580,783 

l.m.KJO 

New York 

:185,«»9 

:i4,:«i:4,9n 

4,:fcJ4,470 

10,649,712 

New Jersey 

46,(Kr» 

1,5.56,809 

Pennsylvania 

m,:i33 

3].181.t«« 

5,718,8116 

Delaware 

5,086 

396.708 

138,848 

Maryland 

Zhm 

38,018 

3.J.54.:140 
:i, 591, 474 
1,446,411 

646.372 

1,321,101 

Virginia 

North Carolina 

i8,:jOJ) 

623,9.57 

South Carolina 

4,4<M) 

2:n,«20 

1.53,067 

Georgia 

5,5:i4 

30:1.830 

3*27, 865 

Florida 

i,:x»8 

98, KKj 

83. 404 

Alabama 

ii.K.59 

4:18.970 

339,333 

Mississippi 

,5,8.86 

413,030 

355, 4.53 

Louisiana 

9.:joi 

.51 1.555 

:3.8H, 782 

Texas 

13.904 

071,008 

52:3,386 

Arkansas 

34,*S86 

1.468,274 

778, 185 

Timnessee 

:u,:t59 

3.1:10,358 

R53.103 

West Virginia 

:VH,394 

3. 561, .'342 

1,104,016 

Kentucky 

4b. .TW 

3.940,(X15 1 

l,3fK),302 

Ohio 

165,56.5 

17,^6,385 

4,a3.5,:374 

Michigan 

308, ;181 

18.;i37,538 

3,484,1:30 

Indiaiui 

KM. 184 

8,855.640 

3, .213, 910 

Illinois 

17.3.304 

16.800,788 

4.:Xi8.305 

Wisconsin 

161.748 

]3,616,:{44 

3.:397.105 

Minnesota 

Ii9.9.>5 

10.076,330 

3,116,(X)6 

Iowa 

3i:i.4io 

30,060,510 

4,4i:i.:3l9 

Missouri 

KK),7:19 

7, 857. (M2 

3,4:15,869 

Kansas 

\m,m 

7.46.5,9:18 

3,01.5,80:3 ' 

Nebraska 

13tl,478 

ll,:i83.030 

2.845.7.55 

South Dakota 

(kI.ikM 

6. 048, .284 

1,309.677 

North Dakota. 

33, 4.5,3 

3.3io,::o6 

6%, 14:3 

Montana ' 

4.0.52 

841,840 

369,389 

Wyoming 

Color ail o . . . ir. 

3.7*58 

.160, .586 

198. aw 

.3:i.:ii.5 

3,84*i,:i60 

i,:3;3r.78U 

Now Mrxico 

Ari;:ona 

743 

5:1,434 

:X},IJ38 

Utah 

5. .573 

81*43. (.iX) 

:.76.:]ri 

Ncvavla - 

I,:i49 

3.56, :310 

9r,:39« 

Idaho 

3,888 

t>39, K56 

188,9.57 

Wasbington 

14,3.50 

1,7.81,350 

712. .500 

Oregon 

14,9:15 

1,399,345 

rm, 745 

California 

3:1, 1.58 

1,773.640 

9:39.499 


Acro.s. 


939,193 

690,537 

m,m 

573,731 
73, aw 
46<i,973 
4,3;iU,788 
m.m 
3,559,350 
60,943 
314,134 
589,580 
140,905 
143,536 
137,489 
6,719 
65,989 
61,656 
31,?3l 
ai4,633 
159,010 
353,719 
481,751 
385,399 
1,749,451 
1,330,061 
],61;5J01 
3.058,647 
1.4^13. 401 
I,r44,8ri6 
4,61:>.5S3 

3.473.167 
1.957,8:15 
3.096.:il4 
441.0I4 
:4.5,.5H4 
3:16.003 
761,784 
:t(», 51*5 
33, **44 
181,371 
144,378 
193,1311 
393,035 
633.:«I3 
1,733,300 


Hay. 


Tons. 

9:i9,19S 

660,900 

3,051,789 

7:4,376 


•too, iTWi 

3,4:4,828 

4.55.807 
3,718,805 

56,030 

873,897 

636,683 

177,616 

190.908 
189,7:15 

9,407 

93,385 

8:1,286 

48,970 

:i34.633 

187,633 

493.807 
591,396 
468,479 

3,204,308 
1,548,871 
8, 188, 631 
3,810,933 
1,790,505 
8,813.556 

H. 085, 894 
:i,298,:20l 
4,'.«11.897 
3,350.000 
3,68:1,380 

787,805 

476,?X)6 

3t*>5.805 

I. 075.935 
109,545 
101.501 
489,703 

367.909 
503,161 
5419, 449 

l.:512,o36 

8,a58,140 


Val 


$9.f 

7, :ii;i,08r 
10,4 — 
18, U., „ 

i,:i3i,iu 

7,193,616 

41.:48,105 

6,510,830 

33,Wi0,581 

738,468 

3,3:18,569 

6,.3(K),£23 

I, 909,:r72 
2,161,028 

8, (KW,572 
13i,2»l 
905,373 
7*87.413 
410,988 

2,337,878 

1,414,746 

4,775,114 

5,789,767 

4,37.5,061 

17,480,163 

13,083,546 

15,355,371 

18,1.53,568 

II, 817,383 
1{).(J63,877 
;i3,033,817 
15. 996, STS 
13,316,128 

7.mois 
8.371,968 
3,467,280 
3,371.575 
3.611,848 
10,434,864 
631^,406 
905,634 
2,44*8,510 
1,773,;K1 
3,365,178 
4.0:17,383 
S,m,418 
18,119. 189 


Total 


3,767,465 ! 353.334.540 I 73.183.^50 i 1:1,359.756 59,2h3.1,5S i 388. 


Actrnijt\ j)roduc(ion, ami value of potafocs ami hay in fhe Uni1e<l Stales for the 

years JSXl-JS: Kid 




Putatoc.Ti 



Hay. 

y 

Acres. 

Bushels 

Value 

Acres. 

T.ms. 

189:3 

3.605,186 

2 , 7537 , 97:3 

3.954,9.52 

3.767,465 

i.s:3.au205 

170,787,:3:3H 

397,:3;37,:370 

3.13,3:34,540 

$108,661,801 

91,536,787 

78.984,901 

73,183,850 

49,613,469 

48.;3'f3,:!73 

44,3<X».453 

4:3,250,7C»6 

65,766,158 
54,874,4(38 
47. 078,. 541 
59,283.1,58 

1894 

189.5 

1896 




$5:0.88;.>,8r3 
46.'^.578,:i31 
:i93. 18.5,615 
:iS8,iir).6i4 


* No estimates t'or.eeriiing these products were made hy the Department of Agi’i ulturt' 1 ^ >r Mie 

years 1889-1893. 
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-The exports and imports arc for the t^relve months beginning July 1 of the year set opi»o5ito to them.] 
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Acreage^ production^ etc,, of the cotton crop of 1895, 


State or Territory. 

Acres. 

Bales. 

1 Bales 
per 
acre. 

Net move- 
ment by 
rail and 
water. 

Bought by 
mills. 

Less stock 
on hand 
September 
f, 1895. 

Alabama 

Arkansas 

Florida 

Georgia 

2,371,720 

l,186,(«yi 

161,640 

8,069,32:1 

212,847 

40 

1,142,568 

2,487,119 

47,772 

1,050,183 

1,814,728 

712,7fi3 

5,82(i,428 

400 

44,623 

663,916 

520,860 

38,722 

1,067.377 

68,068 

15 

613,843 
1,013, :i58 
11,816 
3117,752 
14,103 
7tJ4,7(K) 
172,560 
l,905,:tt7 

m 

7,064 

0.28 

.44 

.20 

.85 

.}J2 

.38 

.45 

.41 

.25 

.JJ8 

.54 

.42 

.24 

.33 

.26 

.18 

609,633 

522,827 

38,914 

876,621 

68,668 

15 

503,1141 
999,907 
10,187 
179,781 
14,103 
608,668 i 
144,462 j 
1,897,515 
103 
7,064 

58,998 

1,976 

200,636 

4,716 

8,942 

192 

8,880 




tx)uisiana 

Mississippi 

Missouri 

North Carolina 

Oklahoma. . 

18,344 

16,654 

1,629 

219,822 

2,842 

3,203 

1,851 

South Carolina 

TennesHee 

Texas 

Utah 

257,700 
28,782 i 
12,385 

1,668 

634 

4,563 

Virginia 

Total 

* (31,070) 


20,184,808 ! 

7,161,094 

.35 

6,381,709 

811,875 

32,490 


* All cotton used by Vii'if Uiia mills was obtained from other States, and is therefore not included 
in the total. 


Acraige, product io7i, and value of tobacco in ISOG, 


Massachusetts 
Connecticut ... 

New 1 ork 

Pennsylvania.. 

Maryland 

Vii’prinia 

North Carolina 

Alabama 

Arkansas 

Tennessee .... 
West Virginia. 

Kentucky 

Ohio 

Indiana 

Illinois 

Wisconsin 

Missouri 

All other 

Total 


Tobacco. 


Acres, j Pounds. 


1.975 

3,199,500 

6,579 

, 10, 197, <460 

3,259 

3.389,:i60 

13,884 

16.244.280 

15, m5 

9,277,100 

92,002 

67,961,260 

m,5(i7 

68.(i29.170 

2,147 

1,0IW.09() 

2.950 

l,;i27,50() 

5:1,351 

35,211,660 

5.119 

3,085,680 

196,715 

14;t,(\23,850 

32,012 

23,688,880 

11,9.57 

8,130,760 

:3,902 

2,497,280 

3,975 

5,088.000 

10.580 

7,406,000 

3. 750 

2,437.500 

591. 749 

403.004.320 


Value. 


|;i83,940 

1,825,668 

871,149 

1,289,548 

898,615 

8,013,986 

5,460,334 

161,454 

146,085 

2,464,816 

313,283 

6,082,202 

1,066,000 

365,884 

237,242 

279,840 

666,540 

341,250 


24.258.070 


Average farm X}ricv of various agricultural products on Dcccinltcr 1 in each gear 

from 1887 to 1890, 


Crop. 

1896. 

189.5 

1894. 

189:3 1 1892. 

1891. 

imi 

1889. 

1888. 

1887, 

Corn 

.per bu'ihel. , 

$0,215 

$0,253 

$0,457 

$0,365 

bo. 393 

$0,406 

$0,506 

$0,283 

$0,311 

$0,444 

Wheat 


.7:J6 

.509 

.491 

.538 

.624 

.839 

.8:18 

.698 

,926 

.681 

Bye 


.409 

.440 

,501 

.513 

.548 

. 774 

.029 

.457 

.691 

.544 

Oats 

do.... 

.187 

.199 

.324 

.294 

.817 

.315 

.424 

.280 

.278 

.304 

Barley 


.323 

.337 

.442 

.411 

.472 

.640 

.048 

.427 

.506 

.522 

Buckwheat. . . 

do.,.. 

.392 

.452 

,550 

.583 

.534 

.579 

.577 

.518 

.636 

.561 

Irish potatoes 

do.... 

.286 

.266 

..530 

5iK) 

.073 

.371 

777 i 

.403 

.404 

.685 

Hay 

per fmi . 

6.65 

.066 

8.:i5 

,076 

8.54 

.046 

8.68 

8. 49 

8. 39 

7.74 

7. 88 


9.34 

Cotton 

..per pound.. 

.070 

.084 

.ora 

.086 

.083 

.085 

.086 

Leaf tobacco . 

do.... 

.00 

.009 

.066 

.081 


.084 

.077 

.071 


.108 
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Estimated number of horses and mules on farms arid ranakes, average price per 
heady and total value of each kindy January y 1S07, • 


state or Territory. 

Horses. 

Mules. 

Number. 

Average 

prioo. 

Value. 

Number. 

Average 

price. 

Value. 

Maiuo 

315,438 

r)5.()83 

88,319 

83,809 

10,130 

4:5,035 

$18.58 

47.74 

45.03 

04.67 

75.Sg> 

81.31 

$5,376,701 
2,(127,438 
:i, 077, 151 
4,125,948 
782.210 
3.6:58,558 



New Hampshire 




Vermont 




Massachusetts 




Rhode Island 




Connecticut 




New York 

821,34:5 

49.67 

30, 882; 808 

4 , 5:54 

$55.07 

$349, 701 

New Jersey 

80,788 

68.98 

4,784,7m 

7,492 

76.73 

574,878 

Poniisylvahift 

58:5,215 

44.27 

35,810,10:5 

3ii,144 

58.81 

2,1^,530 

Delaware 

30.274 

43.76 

l,3i4,r>18 

.5,280 

60,75 

:il4,83$ 

Maryland 

1 : 53 , 8i5 

38.25 

6,111,380 

12,817 

58. 14 

745,227 

Virginia 

34:5,588 

36.43 

8,870,380 

;57.483 

48 58 

1,820.800 

North Carolina 

145,5:58 

44.76 

8,514,890 

110,880 

49.98 

5,541.305 

South Carolina 

88,449 

48,23 

:5, 304, 877 

98,834 

61.68 

8,(Wtf.801 

Geoi’gia 

Pioriaii 

110,277 

48 tS4 

6,331,018 

181, 5580 

82 03 

10,34:).tttl8 

:55,885 

42.70 

1. 5551, 831 

8.37:5 

59.48 

402.084 

Alabama 

129,819 

38.83 

6,o:S2,297 

ia>, r.5o 

49 01 

6,;r>8,007 

Mississippi 

105,571 

:i5.io 

8,882.9:18 

180, ^32 

48.81 

7,81i;«71 

Louisiana 

141,484 

27.38 

3.K.V),H24 

88,239 

63 83 

4,881.317 

Texas 

l,Ui0,j0J 

17. b‘5 

30,571.983 

281, 128 

}»{). K5 

7,799,360 

Arlrausas 

1 240,:5;50 

38 45 

8,:5r)8,307 

145,519 

:54.38 

4,98.7, 923 

Tenncs-=ee 

i :537,551 

38.41 

l2,2iN).744 

180,:589 

:ki. 17 

0 , 8 : 57 . 88:2 

West Virginia 

! 154i.5U 

a3.2rt 

6,3(a»,2()8 

7,801 

38.27 

2110.898 

Kentucky 

i 400,879 

1 :t> 57 

]3,0;*>8. (t'l 

118 854 : 

.•C? 97 

3,969,483 

Ohio 

I 701,08:5 

1 88.67 

25,7:57,791 

iH.roi 

38.50 

7i:i,873 

Michigan 

427,:i33 

1 4 : 1.14 

18,4:17.0.58 

2,784 

37 50 

i04i059 

Indiana 

015, . 8:54 

1 31 8] 

20. .547. 083 

48,397 

:58 08 

1,874.144 

Illinois 

1,0:2.95#J 

ilO.Ol 

31, 108. 042 

00,(531 

;55 80 

3, .* 2 : 44 , 290 

Wisrioiisin 

420,710 

40.05 

1 17.2:;9.()21 

4,828 

37.72 1 

182,034 

Minnesota 

489. 101 

a> 95 

; 18.884 2:57 

8,8:51 

41 59 

a58,9;>7 

Iowa 

1,087,492 

3S. 91 

:5l.4(i9,8:?i 

:53, 7(54 

3.7 48 

1,195,015 

Missouri 

854. 

34.79 

31.175,888 

31.5,468 

29 91 

6,445,851 

Kansas 

797, 744 

3 : 5.54 

18.780. 188 

82. 289 

:iJ.(l4 

3 . 5 . 73,400 

Nebraska 

575,714 

34 88 

14,207,:i4K 

41,583 

32 3:5 

1,356,680 

South Dakota 

:.n»0,775 

28 50 

7,708,015:5 

U, 880 

30 94 

208,060 

North Dakota 

180,703 

38.43 

6,072,303 

7,15! 

48. 03 

34 :). 481 

Montana 

175,301 

24.:58 

4,3!2,0T0 

924 

:51.48 

39,067 

Wyoming 

77,814 

1 : 5.13 

l,018,6s;5 

1,474 

35.97 

1 Kb 019 

Colorado 

150, 7(W 

20.08 

3.:’04.213 

8,888 

42.81 

380,454 

New Mexico 

84, 701 

14. (55 

1.240,873 

:5.500 

19. 19 

88,308 

Arizona 

52. 498 

21.50 

1. 1 : 5 : 5 , 429 

1,(»28 

2.7 18 

35,815 

Ut^ 

71,178 

18 97 

1,207,941 

1,848 

24. 4:5 

40.2tl4 

Nevada 

5:5.581 

iM.Ofi 

987,:i20 

1,444 

32.:50 

46, 700 

Idaho 

1 : 53.011 

17. 12 

3 3 . 59 , :570 

91) 

15 59 

14,874 

Washington 

178, (an 

30 47 

3,818,2:27 

1,420 

;59.21 

5 . 7 , 877 

Oroffon 

California 

.203,777 

18.18 

3,T(H,688 

5.811 

31.92 

127,4(4 

4 : 59 , :58i 

37 40 

12, 0 : 57 . 91 r5 

57, 473 

:58 M) 


Oklahoma 

:«1,099 

13.41 

5:^, 322 

7, 177 

31 89 

155.703 

Total 

Total, IftJKj 

Dcc.n'aso 

Decrease (per cent) 

U,:iG4,8ti7 

157134,(557 

759,390 

5 

-STEr 

452,049,:508 

2, 31.5, ('471 

41.88 1 

92.302.090 

i5:5 07 

1 .58 

4, 7 

aiuoMwi 

47,490,790 

9.5 

'2^278 JM8 1 
83.29.2 
2.8 1 

4.7 29 
3.8:5 

8 

l(i3.201.457 

10,yi(2.:f(;7 

10.6 


Numhi r and value of liors(\% rnules, and milch coirs in the United , stales for the 

years 18U1 to JS07. 


January 1 — 


18m 

3803 

189,5 

im 

nm 

mr 


j HorKa.s. 

1 Mule.s. 

1 Milch cows. 

i Number. 

Value 

1 Nmi‘il>er. ! 

Value. 

j NumlKM*. 

Value. 

14, (WO, 7.70 
15,498,140 
18, 2(H). 8(72 
18,081,i:jJi 
i.7,8fj;i,3i« 

$941,823.22:2 
l,O07,,7a3,(«8 1 
992, .'525, 185 
78:(,224.709 
670,730,680 
500, 140, 188 
45*2,640,396 

2. 290, .532 ! 

2,314,0iMl 

2,331.128 

2,3.7.2,231 

2,3;4:j,l(J8 

2, 278. mo 

2,215,854 

$1?«.847,370 

174,882,070 

104,783,561 

148,233.811 

llO.JHJr.HIH 

103.204.467 

«2,:J03,090 

16,019,691 1 
18,410,351 i 
16,4.24,087 
16,487,4(K) 

1A KiiA 

0B46,:if(7,flOO 
351,:47«,L3» 
299,785 
358,9(W,661 
382.001,729 
:tl)»3,9:»5,5i6 
380, m 09*3 

15, 024, (WT 
14,384,687 

JLDf 1NH4 Umi* 

1 16.1.37,588 
15, 941, 727 
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Estimated ntiwber of milch cows and of oxen and other cattle on fa rmsand ranches^ 
average price per head ^ and total value of each kind, January ^ JS07, 


Milch cows. Oxen and other cattle. 


State or Territory. 

Number. 

Aver- 

age 

price. 

Value. 

Number. ! 

Aver- 

age 

price. 

V aluc. 

Maine 

103,077 

$2.1 06 

$4,813,4.50 

108.378 

830. 1.3 

$2,181,493 

Now Hampshire 

138,971 

37.13 

3,497,694 

77,0i»H 

19 89 

l,5:«,4l() 

Vermont 

.m640 

21 .57 

0,477,6:15 

137, «97 

19 19 

3,64(i.357 

Massachusetts 

173, 820 

;jo. 78 

5,319,584 

75,617 

:i4 :43 

1.840,485 

Rhode Island 

34,7011 

;io 00 

743,890 

10,784 

24 39 

261,893 

Connecticut 

i:kl.3»10 

37.73 

8.776,903 

60,614 

:r> :ii 

l,fiB6,323 

New York 

1,410,037 

24.20 

81.375,113 

561,. 583 

30 84 

11,700,564 

New Jersey 

2i)f1,;i57 

33.27 

6,a59,H0 

45,11:1 

2:3. ori 

1,(X18,4841 

Pennsylvania 


35 93 

21, :J35», 808 

568,023 

31. 6,3 

13,378,880 

Delaware 

84, 857 

27 .50 

058, 568 

2.5,482 

21.13 

538,434 

Maryland 

15(1, 477 

33 81 

.% 433,:ibO 

li:j,734 

22.:36 

2,54:1,305 

Virginia 

300,323 

17 HI) 

4,057. 161 

;171,308 

15. 43 

6,733,360 

North Carolina 

3(^1,005 

13 75 

:i,mt5,Hi9 

34.5,406 

9. 65 

3,:m;422 

South Carolina 

l:*il,388 

15. 83 

3. (MS. 312 

1.56, WK5 

8.65 

1,387,623 

Georgia 

fJOO, 457 

17 01 

r»,2i3.ai4 

5i;{,87« 

8.46 

4,347,©0 

Florida 

110,010 

10 48 

l,9:n,88l 

3.5:1,83:1 

6. 81 

2,408,150 

Alabama 

:i05,355 

n 13 

:i.:K‘5..548 

401,939 

0 88 

3,384,129 

Mississippi 

:5)0.«31 

12 ai 

3,7.JS,4fi3 

446,P*)J» 

8.03 

8,589,456 

Louisiana 

l.yi, 538 

16.35 

3.3tl.451 

268,425 

8 (;5 

2,321,531 

Texa.s 

753, 570 

16 48 

]3..%I.K73 

5,2‘l:h713 

11.14 

68,417,443 

Arkansas 

30<5,344 

12.4^1 

:3.:K)9, 413 

418, 53:1 

8.07 

8,:4:7,357 

Tennessee 

807.543 

15 m 

4,899,144 

4.56,829 

10 74 

4,907,805 

We.st Virginia 

371,538 

31.17 

:i,6;)l,348 

m, 0.53 

10.79 

4,481,825 

Kentucky 

3S.5, 401 

10 78 

5. Old. 419 

461,367 

17 71 

8,168,601 

Ohio 

753. t«l 

2.5.18 

i8.oa5,:w5 

(m,:i83 

22 :w 

14.135,701 

Micliigiin 

4.5(1, hVJ 

20. .57 

13,190,69.5 

.370, 750 1 

19.09 

y. 076, 135 

Indiana 

OIH.SW! 

23 72 

11.065,649 

726,5.57 1 

31.08 

1.5,317,115 

Hlinoia 

1,0(18,350 

28 .50 

.*18, 7:3.5, J183 


33 49 

31.264,:i95 

WisconHiii 

780.844 

2:1.98 

18,80.8,519 

612. a55 

16,71 

10,574,C>04 

Minnesota 

0l8.5.‘ld 

33 51 

11. ,541. 640 

653,662 

1.5.98 

10, 4:10, 321 

Iowa 

l,l0(>,r>M 

38.14 

3:1, .501, 637 

2, 106,755 

34 i*9 

54,90L»« 

Missouri 

701,610 

23 91 

io , o :: i . k 85 

1,. 568. 901 

30 7 4 

32,6^45,606 

Kansas 

030, 121 

34 50 

35.413, 404 

1,801.. 570 

31 73 

39, 1:33,349 

Nebraska 

mi, m 

34 m 

1:1,157.273 

1.019,970 

19 m 

19,91.8,494 

South Dakota 

813,87.5 

32 03 

7,18.5,689 

437.8<rl 

20 03 

8,568,564 

North Dakota 

101.368 

21 79 1 

:t, .514. 030 

25.5,502 

n 82 

4,553.911 

Montana 

43,938 

25 aj 

1,108.^10 

1,170,638 

17. 60 

20.7i)S,660 


1 I8,fd5 

2.5 35 ! 

467, .504 

781.93:1 ! 

17.07 

13,347,4:11 


83.;C4 

36 11 

2,150.7a5 

036,.5(’i0 

19 47 

18,044,569 

New Mexico 

18,7.51 

23 00 

433.773 

7.53.831 

11 76 

8,864,297 

Arisjoua 

I 10.873 

33 .55 

:580.464 

r>ir.4(x) 

13 03 

6, .577, on 

Utah 

, 50 0518 

17.05 

1,017,739 

3.vS,:>03 

U 77 

4.933,1(12 

Nevada 

' 18. m 

20 80 

487.653 

253, .StHl 

16 33 

4 14 1, 138 

Idaho 

i 3H..5<r> 

3:) 10 

r8l0.r>44 

:i.^7,o;i5 

1.5.07 

5,846.179 

Washington 

ri0.iHJ3 

2.3 40 

3,8:k>,;m 

;r>i.(>26 

15 10 

5,301,324 

Oregon 

110,007 

21.80 

3. 538. 1(53 

741,115 

13 55 

10,04:], 183 

California 

;i:l0.003 

3.5 .57 

8. (MW. 381 

a>i.3:9 

16 m 

14.418.828 

Oklahoin.'v 

rt3,.T>5 

18 r»8 

W)1.1.56 

175.870 

18 13 

.3, 187, 80') 

Total 

i“»,on,7:»7 

3:5 16 

309,230,093 

j :i»(. 508,408 

16 65 

507,929,421 

Total, 185JG 

10, 187, rm 

33 :>5 

3»U,‘X>.5..545 

1 ;13,OS5.409 

1 15 86 

5ti6,VC.^,~416 

Deereuse 

105,8r>9 

1 ».61 

15.3‘<1.418 

1 1,577,6)1 

I > ro 

m995 

De('rea8<‘ i imji* <-ont ) 

1 3 

, > 3 7 

n 5 

1 4 9 

1 



* Jncieaso. 

,Pro(jrv.'i'> it/ dairying in ihr United Slitirs. 

fFrom the reports »'f the Ccri'^a'^.] 


Year of c,on.suM 

1 

j Milch cows. * 

llutlor, total ! 
amount made j 

i ' 

t‘hcf‘80, total 
amount 
made. 

' Oeam- 
■ orie.s and 
ichccjic fac- 
1 t orie.s. 

1 Milk, 

> a\ cj-iige 
yitdd ]wr 
cow. 

Total 
; number. 

1 Pcrl.tXX) 

I persons. 

1 




Pounds. 

Pounds. 

Xumber 

(kdhmft. 

1890 

16, .511, 950 

364 

1,305.508.384 

3.56,761,883 

4,71.2 

;a.5 4 

1880 

12, 4 W, 130 i 

248 

806.673,071 

2n. 157, 850 

3,9a:.» 

5 

1870 

8,9:15,833 

233 

514,002,683 

162,927,382 

»l,;n:i 1 

205 9 

I860 ! 

8.5a5,7:j5 

273 

459,681,3?2 

H«,6(i:],»27 

*.5 

174 7 

1850 

6.:ia5,094 

275 

313,345,306 

105,5:J5,a)3 

; 18 j 

166 5 


’ Cheese factf>rieH only. ^ « 

a The establishments reported for 1850, 1860, and IS.O were all < beeso factorw^. The fliruivs f or 
1850 are approximately corro(‘t, but those for 1880 aro known to bo much too small. 
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Estimated number of sheep and stvinc on farms and ranches^ average price per 
head, and total value of each kind, January, 1897, 


state or Territory. 


Number. 


Value. Number. 


Maine 230,;i64 

New Hampshire 77, 

Vermont 357, 048 

Massachusetts 

Rhode Island Id, 715 

Oonnoctiout 33, Idl 

New York 809,301 

New Jersey 4X.483 

Pennsylvania 7!»8, 761 

Delaware 12,858 

Maryland 134,689 

Virsrinia 393,738 

North Carolina 319,170 

South Carolina 72,976 

Georgia 344,680 

Florida 97,706 

Alabama 252,133 

Mississippi 806, 156 

Louisiana 13(i,311 

Texas 2,7H9,:te,3 

Arkansas 170,075 

Tennessee 382, 3J35 

West Virginia 458, 157 

Kentucky 738, 105 

Ohio 2,368,967 

Michigan 1 . 341 , 971 

Indiana 654,758 

nUnois 604,189 

Wisconsin 7fl8.723 

Minnesota 404,904 

Iowa 653,834 

Missouri 697,364 

Kansas 222,215 

Nebraska 188, 768 

South Dakota 836,259 

N orth Dakota 356, 230 

Montana 8,12‘J,783 

Wyoming 1,672,483 

Colorado 1,411,382 

New Mexico 2,683,269 

Ariasona 828,666 

Utah l,mi«,441 

Nevada 544,077 

Idaho 1,376,119 

Washington 741,210 

Oregon 2,004,640 

California 2,577,060 

Oklahoma 23,215 

Total 36,818,648 


$471,671 
180,332 
318,423 
142.206 
30,136 
99,041 
2,166,797 
i;i5,597 
2,209,984 
38,779 
8;a,361 
840,774 
443.0(}6 
114,134 
5(K1,646 
154,610 
316,074 
420,353 
l«l, 885 
3,.mfW 
218, .512 
540, 8.36 
l.CKKKOOT) 
l,4O),:J20 

5.877.171 
3,536,899 
1,771,579 
1,725,564 
1,679, 104 

887.711 
1,672,678 
1,326,197 ' 
398,9(15 
466, 182 
731, Kil 
695.219 
5,033.220 
8,005,863 
2,486,390 
2,847,753 

1.301.172 
3,036,8:10 

917, :n4 
2,34(S28;i 
1,375,851 
3,459,222 
4,800.787 
33,011 


76,886 

65,272 

76,215 

58,297 

14,289 

63,787 

632,524 

153.487 
1,022,773 

49,659 
331,886 
995,605 
1,4m, m 

1. (MKi,968 
2,012,8(Ui 

415, (il7 
1,885,87(‘ 
1,SH)8,978 
790,961 

2, m,m 

1, :175,5H6 
1,796,104 

371,293 

1,8(H,164 

2, :284.(Ki3 

713. 487 
1.340,365 
2,249,401 

902,507 
521,690 
3,7:17,970 
:i 074, 329 
1,659,?22 
1,263,931 
158.463 
120,308 
51,045 
17,7:14 
22,716 
31.151 
26,070 
53,790 
11,126 
75,192 
2]().68;i 
240,051 
487,1(53 
78,514 


Total, 1896 38,298,78:1 

Decrease 1, 480, 140 

Decrease (per cen t^ 3. 9 


67, 020, 94)2 40,600.270 

65.167.735 43'H43r759 
U, 853, 307 2,212,483 


$456,002 

466.790 

555.791 


4,181,932 
1,230,872 
6,822,816 
287,443 
2,237,741 
3,861,164 
4,524,475 
B,8:K),172 
6«8r3,544 
887,504 
4,763,724 
4.790,752 
2,2a5,255 
7,301,281 
8,196,861 
5,978,152 
1,577,100 
5,359,192 
11,278,486 
4,230,277 
B. 762, 409 
11,651,896 
4,859.097 
2,560,977 
21,182,880 
12,269,648 
7,648,166 
6,026,423 
696,128 
541,885 
401,486 
80,122 
103,131 
151,143 
126,208 
293,382 
56,653 
£77,721 
700,310 
667,864 
2,013,738 
820,141 

166 , 272 ^ 

Iw, 629, 745 
20,256,975 
10.9 


Number and value of oxen and other cattle, and also of sheep and swine, with the 
total value of all farm animals in the United States, 1891 to 1897, 


Oxen and other cattle. Sheep. Swine. Total value 

January 1— ] r , offarmanl- 

Ncmber. Value. Number. Value. Number. Value. mals. 
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Jiumber and value of farm animals in the United States for the years 1SC8 to 1896, 


January 5“* 


Milch cows. 


Kumte*. Value. Number. Value. Number. Value 


6,r5ft,W0 

6,m,m 

8,»48,800 
8,70a,(KJO 
8,1WU,900 
9,2«J,470 
0,5613,800 
0,ri04,200 
o.Ta'i.aoo 

10,155,400 
io,;fiJo,7oo 
10,0J18,7(J0 

11,201,800 
11,429,020 
10,521,6.51 
10,8518,110 
11,109,0855 
11,604,672 
12,077,057 
12,4W,744 
i;5, 172,930 
i:5,mK5,2J4 
14,2155,837 
14,050,750 
15,498.140 
10,200,8ie 
10.081,139 
15,80*5.318 
15. 124,(557 
14,304,(507 


$432,000,220 
r«5,(524,787 
671,819.461 
683,257,687 
659,707,916 
684,463,1557 
666,927,406 
646,370,9150 
632,446.085 
610,206,6:51 
600,813,681 
6ra,254,«08 
61:5,296,011 
067,954,325 
015,824,914 
765,041,308 
833, 784,400 
852,282,947 
800,823,208 
901,68.5,765 
940.096,154 
982,194,827 
978, 516, .562 
941,82:5,222 
1,007,59:5,636 
902,225,183 
769,224.799 
676, 7 : 50 , 5S0 
500,140,1855 
452,640,300 


655,685 
921, ('i62 

1.170.500 
1,242,300 
l,27a,8fK) 

1,310,000 
1,339,650 
1,893,750 

1.414.500 

1 , 44 : 5,500 

1.637.500 

1,713,100 
1,729.600 
1,720,7:51 
1,835,169 
1,871,079 
1,914,126 
l,972,r>C9 
2, 052, .593 
2.117,141 
2,191,727 
2,257,574 
2,8iU,(J27 
2,296.532 
2,814,6l»9 
2,331,128 
2,a52.2:31 
2,333,108 
2,278, 946 

2,215,054 


$00,415,769 
08,386,:i59 
128,584.796 
126,137,786 
121,027,316 
124,658,085 
119, .501, 859 
111,502,713 
10(i, 56.5, 114 
99,480,976 
]0*i,333,9;J0 
90,03:1,971 
105,948,319 
320,096,164 
1510,945,378 
148, 732.(190 
161,214,976 
362, 497, 0417 
163, ;)81, 1)5)6 
167. 0:57,. 538 
174,65:1, .563 
179,444,481 
182, 394, (M) 
178.847,;J70 
174,6^2,070 
164,763,7.51 
146,2:12,811 
110,927,834 
103,204,4<57 

92,302,000 


8,091,568 

9,247,714 

10,09.5,600 

10 , 02 :}, 000 

10,3(X},r)00 

10,575,900 

10,70.5,300 

10, (K)a, 800 

11.085.400 

11.260,800 

11, :ioo,ioo 

11.826.400 

12,027,000 

12, :i68,653 
12.611,632 
13,12.5,685 
13.501.206 
13,904,722 
14,235,38.8 
14,522,0.8;} 

14,656,414 

15,298.625 

1.5,953,883 

16,019,591 

16,416,351 

16,424,087 

36. 487.400 
16. ">04,629 
16, 1 : 17 , .586 
15,941,727 


$319,681,153 

361,752,676 

394,940,745 

374.179.093 
820,408,983 
314,:}38,9i}l' 

299.009.309 
311,089,824 

330.340.728 
307,743,211 

m,m,m 

256,953,928 

279,899,420 

296,277,060 

326.489.310 
806,575,405 
423,486,649 

412.903.093 
d89,9a5,523 
378,789,589 
366,252, 173 
366,226,376 
353,152,133 
846,;}97,900 
a5i,;}78,ia2 
857,299,785 
358,998,661 

862.601.729 
363.955,545 
369,239,993 


« OxeiJ#ii<l other cattle. 

January . 

Number. | Value. 


11,942,484 

12,18.5,:}85 

15, :38«,5(K) 
1(}, 212, 200 
](l,;}89,800 
16,413,800 
16,218,1(K) 

16, :}13,400 
16,785,300 

17.950.100 
l»,223,tJ00 

21.408.100 

21,2:11, 0(X) 

20,V):}8,710 
2:1,280,238 
28,046,077 
29,04)1, 101 
1*9,866,573 
31,275,242 
3i}, 511, 760 
31,378,363 
:i5,0:}2.417 
;}0,849,024 
80,875,648 
37,661,239 
35,954,196 
36,608,108 
:M, 364, 216 
82,086,409 
30,508,408 


12 A90- 


$249, 144,699 

:}(»«, 211, 47:1 

5U6,fi20,440 
36y,»40,(V'>0 
321,562,61).'} 

329,298,755 
310,619,8tW 
.m, 858, 869 
319,ri23,509 
307,105,386 
329,541,703 
329, .54:3, 327 

311.761.1.54 
362,861,609 
40!3,069,60t j 
011,549,1(W 

083.229.054 
094,382,91:1 
061,956,274 
063,137,026 
611,760,520 
597,236,812 
560, ($25, 1:17 
644,127.908 
570,749,155 
647,8«2,2(H 
530,789,747 
482,9JHM29 
(>08,928,410 
607,929,421 


38,991,912 
8r,72t,2r9 
40, 8.5.*}. (100 

31,551.000 
31,679,:K<0 
:};}, 002, 40)3 
ai, 928, 200 
»}, 78:4, 000 

JKi, 9 : 1 . 5 . 300 

55,804,200 
IV), 740, 500 
38. m,m 
40,:6.5,9fH) 
4:1,569,899 
45,016,224 

49,2:17,291 

50, (01, 026 
50,3(K),243 
48,322,331 
44,759,314 

44,544,755 
42,599,079 
44,336.072 
43,421,136 
44,9tl8,365 

47 , 273 , 55 :} 

45,048,017 

42,294,064 

88,298,783 

30,818,643 


$98,407,809 

82,i:i9,979 

93, :i64,43:i 
74.1K3.5,8;}7 

771, 197 
97, 922, ,350 
88, 090, .569 

94. :i20,or>2 
93,(W6,318 
ai, 892, 683 
a},6(Xl,(K’i2 
79,02:4,984 
9)), 230, 5:17 

104,070,759 

m,m,m 

124,360,3:15 
ll9,9(e,706 
107,960,650 
02,4451,867 
89,872,8:19 
89,279,926 
90,640, :}69 
100,6.59,701 
108, .397, 447 
116,121.290 
125,900,264 
89,iai,nu 
66,6a5,767 
(i5, 167, 7:16 
67,0»),942 I 


Number, j 

24,317,2.58 ' 
fi:l.3l6,470 I 

26,7.51,400 
29, 4.57, .50() 
31,7Wi,:iOO 
32,612,050 
30,860,900 

28,062,200 

25,726,800 

28.077.100 
;i2,262,.500 

34.766.100 

34.034.100 
36,247,)>8;i 

44,122,200 
43,270,086 
44.2.K»,89;} 
45,142,657 
46,092,043 
44,612,8:16 
44,:146, 525 
r»0,;i0l,592 

t 51,6(«.7S() 

; ,50,025,100 
: 02,:}'.)H,019 
1 46,994,807 
i 45,206.408 
44,165,716 
! 42,842,759 
I 40,600,276 


Total value 

— ^ fumj 

Value. animals. 


$no.7(i6.2f/} 

146,188,755 

lS7,19i:5<« 

lH2,t*)02,:i52 

138,73:1.828 

r«, 729 , 01.5 

134,565,526 
149,869,2:14 
175,070,484 
171,077,196 
16J),A'18,5;i2 
llU.6i:i,044 
145, 781,. 515 
170,535,435 
26*3,543,195 
250,9,51,231 
246,301,139 
226,401,68:} 
19)1, ,569. 894 
2fl0, 04 : 1 , 291 
220,811,082 
291,a)7,lfi3 
24 : 1 , 4 18 , aw 

210, 193,923 
;mi,o:}i,415 
29;">, 42(^492 
270,;}84,626 
219.501,267 
186, .•0}, 745 
166,272,770 


$1,277,111,822 
1,627,704,029 
1,822,327,377 
1,810, 142, ni 
1,659,211,9113 
1,684,431,603 
1,619,9.14,473 
1,618,012,221 
1,647,719,138 

1.676.500.083 
1,574,030,783 
1,445,423,063 
1,676,017,650 

1.721.795.252 

1.906.468.252 
2,338,215,768 
2.467,868,824 
2,466,428,383 
2,365,1.59,802 
2,400,586,988 
2,409,043.41$ 
2,507,060,068 
2,418,766,028 
2,329,787,770 
2,401,766,698 
2,48:1,606,681 
2.170,816,754 
1.819,446,306 

1.727.926.084 
1, ((55,414, 612 
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Wholesale prices of principal agricultural products in leading cities of the United States f 1893 to 1896 — Continued. 
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BXPOETS OF AOBICULTUEAL PEODUCTS. 689 

Prineipal eountriea to which prodwts of domestic agriculture were exported during 
^ the fieccU year ending June iSdG, 


Articl*). 

Total. 

Great 

Britain 

and 

Ireland. 

j British 
posses- 
sions. 

Ger- 

many. 

Franco. 

All other 
countries. 

Animals: 

CJattle 

S.US60,073 

^,984,943 

$329,410 



$346,319 

Hogs 

337, 

5,050 

8,448 



313,899 

Hotbos 

3,5:K),703 

1,770,000 

736,1X53 

$614,362 

1 $58, tXK) 

844,238 

Mules 

40»,10I 

1,000 

3;i3,608 

271,653 

Sheep 

AU other, including fowls.. 

3,(»7«,;kH 

3,647,040 

195,870 


37,590 

1 

! 305,384 

30,553 

6,090 

11,890 

9,:jo4 

13,968 

Total 

41,84<).«I0 

38,431,323 

1,415.0 

62:1,666 

86,190 

1,394.361 

Bones, horns, etc 

32MW 

98,”iior 

30,812 

07d43 

62,830 

130,799 

BreadstuiTs; 


Barley 

3,1W,3U 

2.257,360 

57, 87*5 

a56,803 


438,203 

Broad and biscuits 

«04,:cr3 

0,137 

4lt>,400 

1,460 


384,218 

Coi*n 

37,R‘K},8({3 

18,719,940 

3,401,461 

5, 121,. 573 

1,024,054 

8,969,834 

Corn meal 

054, 121 

143,330 

; ;J80.752 

IS 

130,115 

Oats 

3,407.r>il 

1,894.708 

1 306,143 

19i),364 

304,038 

733,378 

Oatmeal 

1 mu 5(J3 

723,570 

14,347 

41, OKI 

250 

160,650 

liye 

445. 055 

134,613 

30, 4311 

313,368 


187,673 

Ryo flour — 

Wheat 

1 11,103 


075 

3 


10,185 

1 30,709.808 

37,000,1^ 

5,385,710 

G08.4.50 

81,769 

5,r27,807 


1 52,035.317 

3i»,l08,434 

10, 017,36:1 

0;i3.5G» 

4,289 i 

13,363 662 

All other breadstiitfs 

i 3,443,040 

'820,778 

'400,850 

259,:i48 

7;090 

858,865 

Total 

141,350, W3 1 

1 81, 709. m 1 

30,478,393 

7,33:1,6(0 i 

2,081,480 

29,753,569 

Bro<m com I 

181. Kia' 


160, 

i,t:io 


19,984 

Casings for sausages 1 

irnum 

382,501 

14l,o:i4 

1 730,075 

99,811 

509,253 

Cider ! 

' 47, oro 

40,376 

767 


30 

597 

Cotton, unmanufactured 

ioo,a'io,4ou 

93,050,467 

2,869,010 

|4i,759,576 

19,606,348 

33,871,059 

Ecrars 

! 

01 

38,507 

13 

9,728 

Egg yolks 

5.50 

1 m 


1 

496 


Fruits and nuts 

6,079,000 

2, 169,873 

1,345,7)39 

715,354 

174,456 

1,273,954 

Feathers 


56, (63 

17,187 

80,064 

14,721 

25,061 

Glucose or grape eugar 

3,773,;ia5 

2,503.030 

132,502 

12,095 

6,080 

87,978 

Glue 

100, 030 

43,834 

86,696 

18,530 

1,084 

16,777 

Flowers, cut 

708 


795 

353,343 


8 

Grease, etc ! 

i,f>ir..7t'.a 

688, ioO 

235,128 

192,0ij9 

148,073 

Grasses 

44,.5S1 

34,465 

15 

19,:n9 

275 

509 

Hair, etc 

455 880 

397, aw 

19,646 

14,000 i 

20,652 

103,882 

Hay ' 

Hides and skins, other than 
fur sVius -- 

874,048 

509,837 

66,790 

1,088 

226 

305,207 

3,a'»8,040 1 

277,197 

1,048,635 

1,074,368 

1,031,321 

437 525 

Honey 

90, into 1 

58,147 

3,935 

0.594 

8,834 

14,469 

Hops 

Malt 

1,478,010 1 

l,asi,349 

7i,8K4 i 

346 

16,440 

130.043 1 

10,540 

31,304 

560 


78,548 

Must 

iH.ncx) 


18.5(H) 


Oil cake and oil-cake jneal 

7,040,047 

U,;yHi,7l5 ) 

149,455 

1,930,558 

12:1,745 

8,230,174 

Oils: i 







Animal 

477.340 

133,643 

184.090 

34,584 

34,003 

101,930 

<.\)t ton-seed 

6,470,610 

031,173 j 

310, l.'^O 

271. 153 

1,350,858 

1 

2,907,148 

Linseed 

33,3(K) 

! 

4,710 


38,544 

Total 

6,087,010 

703,815 1 

! 408,t)80 

3»<'»,736 

1,300,861 

3,037,612 

Provisions: 





i 


Meat products— 

Beef products— 







Beef, canned 

5,r30.053 

3, 629, .301 

414,576 

616,540 

448,070 

(i28,466 

Beef, fresh 

18,971,107 

18,1»60,744 

17,721 

5,642 

Beef, salted or 




pickled 

3,975,113 

3,119,923 

663,740 

,358,750 

82,857 

799,843 

Beef, other, cured . . . 

5i»,;JTl 

30,a57 


17,408 

2,867 

Tallow 

3,333,704 

790,875 

68,078 

397,873 

;J57,547 

808,791 

Total 

W,U60.J«i8 

ai, 527, 100 

1,173,664 

1,290,571 

838, m 

3,139,609 

Hog products— 



i 



4,337,966 

Bacon 

33,442,8(7 

27,740,893 

473,330 

603,022 

381,616 

Hanis.... 

12,(HJl>,703 

10,086.718 

475, (X)9 

176.443 

00,190 

1,891,4«3 

Pork, fresh 

4J1, 7Ji9 

40,103 

3,636 


Pork, pickled 

3,973,4411 

750,774 

l,88iM84 

74,992 

11,875 


Lard,. 

33,580,851 

13,531,4513 

745,119 

7,788,975 

3,131,890 

9,402,874 

Total 

83,719.4101 

62,125,981 

8,686,278 

8,643,432 

2,485,071 

16,878,809 

Mutton 

31.703" 

28.741 

l.SOT 

43 


1,302 
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Principal countries to which products of domestic offriculture were exported durUig 
the fiscal year ending June SO, iSoe^Coniinued, ^ 


Article. 

BS 

Great 

j^tain 

and 

Ireland. 

British 

posses- 

sions. 

Ger- 

many. 

France. 

All other 
countries. 

Provisions— Continued . 

Meat products— Continued. 
OreomarRarinc— 






$188,885 

Imitation butter — 

$587,269 

$24,!r30 

(164,043 

$181,106 

1107,548 i 


TUeoil 

8,087,905 j 

04,020 

1,573,906 

$10,841 

5, 7a, 505 

Total 

8,075,174 1 

6t»,673 

275,726 

1,773,464 

10,8a 

5,025,480 

Ponltry and pramc i 

All other meat products 

40,047 

1,70r,4H7 

10,912 

905,018 

17,774 
212,469 j 

102 

904,750 

r3,7S 

2,HS9 

871,453 

Dairy protlucts - 

Butter 

2. or, 203 

1,788.453 

310,830 

130,762 

30 

ns, 110 


o,mn,tn4 

270,453 

2,401,088 

5j2,142 

628 


88,056 

191,012 

IVtilk 

27,509 

50,944 

36 

52 

Total 1 

f>,2f4o,r>ro 

4,287,0,50 

873.t>fJ.5 

140, 426 

82 

i)9M,087 

Total proviMons 

Kli,. ^'*3,590 

8:1.583.473 

u.uT.SS 

12,052,178 ; 

3.408, 

''^3’n,r>88 







J 

14,117 

4.SU 

COO 

101 


3,^5 
38, 136 

Kootflt herbs, etc 

15JJ,89t> 

51,234 

13,910 

41,342 

6,274 

Seeds: 



Clover 

437,493 

75.261 

258,231 

76,109 : 

1,090 

26,703 

Oitton 


177.451 

[iHrt 

018 

7 

1,157 

Klaxsecd or liusoed.- 

<3,2«)7 j 

8,J«02 

30,541 

311,510 


m 

iW,l»0 
JJ3, 747 

Timotliv 

r)ls,75.*i 1 

1/16. (ne 

68, 812 ! 

fi.tyo 1 

All other 

382,911 

118, 769 

74,557 

42, 985 

u,m 1 

121, C87 

Total 

1,592.017 


07r>,:!:!r 

1 188, tin ’i 

1 a5,2t)i 

207,443 

fvtfft W ... ..... 

1 

1 

tT i 

ii 

5,:!:i5 

i" " os’ 

1 


\ 

Suffar, hrown, molasses, and 
sirup - 

748,259 

24,571,302 

498,100 

8,285,280 

76,155 

1,768,502 

31,618 

3,034,342 


140,296 

8,888,624 

Tol)aoco, loaf, stems, and trim- 
mings 

2,614,005 

Vegetal »les: 






Beans and peas 

6;i2,073 

154,230 

[ 137,702 

6,760 

3,255 

330,126 

Onions 

<n,]8l 
r.7 1,485 
4(»7,50G 

2, 166 

1 21,585 

55,641 
i 50. .217 

80 

37,«'150 

Potatoes 

i;412 

27 


314,405 
68. 124 

Vegetables, canned 

284,772 

1,753 

2,640 1 

All ether, including pickles. 

18:!, 805 

1 29,368 

02,693 

211 

ml 

00,361 

Total 


1 471,048 

357,8J)8 

1 P.861 

6.087 ! 

810,366 

VTax, Ihjcs’ 

^65,841 

551,287 

37, 261 

827 

21,188 


6,5(18 

442,«f}0 

Wine 

1 311,081 

1.5,446 

77, 167 

4,793 

Wexd 

8.55, 050 

171,445 

312,552 

! 28, 516 

47,068 

292, 4«» 








TotaP 

508,0.57,24; 

1310,680,248 

38,307,6.57 

170,387.071 

:a),9U,(y>4 i 

JJJ9,3r>7,6tl7 

Per cent 

' 66.22 

1 

6.74 

! 12.38 

6.43 j 

19,23 


* Unenumeratod articles, amoiiutir.}? to make up tlio total to $ri7J,^'ri»,M5 


Qua)ii Hies of cheese exf^orted from the United Slates to the leading cornitries of 
destivafton during the five gears ending June SOj JSOO, 


Country to which 
exported. 

Year ending Juno 30— | 

Annual average, 

1892. 

1 1893. 

1894. 

1805. 

1896. 

1892-1806. 

United Kingdom 

Canada 

MexiCf^ 

Britlsli West Indies .. 

mw 

Cuba 

Puerto Eico 

British Guiana 

Hawaii 

Other countries 

• Total 

Pounds. 

70,201,760 

9,561,251 

126,677 

670,520 

134,600 

202,611 

247,532 

261,007 

86,751 

607,604 

Aa» 

Pounds, 
61,460,757 
10,081,785 
100,876 
722,717 
300, 6?2 
215,021 
130,545 
SH.CSiO 
80,787 
ri87,844 

Pounds. 

48,286,600 

10,287,830 

112,421 

006,881 

106,608 

62,680 

25,319 

240,897 

87.615 

5.52,441 

Pounds. 

20,601,^ 

5,254,m 

110,142 

635,820 

80,896 

42,886 

23,404 

136,288 

93,795 

576,727 

Pounds. 
65,918,067 
8,8.78,060 
123,617 
693,044 
111,035 
147,728 
134.737 
1^.575 
85, m 
670,407 

P.ct. 

83.6 

13.2 

.3 

1.0 

.2 

.2 

.2 

.4 

,0 

82,100,221 

81, ^,92:3 

: 73,^72,134 

60,448,421 

36,7:7,291 

fl8,006,798 

100.0 






Imports of agricultural products into the United States during the five years ending June SO, 1S92 to 1S96, inclusive^ 
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IMPOUTS OP AQRICULTUEAL PRODUCTS, 
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Quantities of sugar imported into the United States from the leadimg countries 
of supply during the fire years ending June SO, IS90. ^ 


Voar ending June 30- 


imjxorted. 


Anstrin-Hungary 

Belgkim 

Franco 

Germany 

Netherlands 

TTnited Kingdom 

Canada 

British West Indies 

Danish W esi Indies 

Santo Donungo 

Oultfi - 

Puerto Rico 

Brazil 

British Guiana 

Dutch Guiana 

China 

Dutch East Indies 

Hongkong 

Hawaii 

Philippine Jelauds 

British Africa 

otl^er countries 


1802. 

1S93. 

1894. 

1895. 

im. 

Pmind». 

Pounds. 

Pounds. 

Pounds. 

Pounds. 


34,391,079 

44.5M.8SS 

7,411,281 


3M.01»,.574 

71,322,733 

80. 479, 170 

24,3:18, 139 

72.723,186 

10,105,050 

157,204 

13,909.622 

:i5.K3S 

34, 810, .'170 

177,0.480 

330,827,509 

858,640.535 

311,182,968 

625,091,4157 

4(M1. 780 

2,717,110 : 

SJ:I,839,548 

I2.fi/K),203 

40,065,803 

f»,K4,6!W 

84,904,rd0 : 

r>S,JJ41,410 

40, OKI, .296 

66,002,162 

3,2011.143 

20.480,103 i 

3,844>,249 

8,329,001 i 

1,304,887 

259,210,102 

S:12.JH18,755 

25tl,821,;r)2 

103,408,3:17 

217,421.118 

0,041.400 

13,894.070 

15,55.s.540 

0,1.31,589 

12,30:.*,039 

63,«ir>,t)08 

04,(il0,060 

89,421.821 


116,972.841 

1,98:1,540,022 

1,84:1,052.253 

3, 127.. 502. 319 

1,845,703.508 

1,093,171.312 

80,474,547 

00,617,011 1 

75.540,(0) 

5tJ. 352, 0.54 1 

81,582,810 

178,414,072 

114,508.097 

a'»8,417,122 

1 HO, ‘>0,3, (a) 

191,457,878 

131), 570, 8.54 

150.001,5.50 

134, 455,310 

[ 110,848, Ota) 

140, 4.3;),2.>3 

7,i:w,57« 

14,708.C05 

12,787,452 

1 8, 704.. 544 

12.200, 009 

1 0, 8.”>5. ();‘0 

10,575.210 

21,189,075 

1 23. 69.;, 0^23 1 

31.827. 8,59 

: 140.0.50,946 

18:4,492,833 

288,01:1,620 

1 280.4tM.270 

507,070, 780 

1 2 , 000 , 07:1 

7,847,:»m 

11,203.020 

1 8.:i;51.4»5 i 

12,040,973 

1 Sti2, 0,12, 405 

280, 5.53, .520 

;i2«,5ri,f)84 

' 2r4,JH5.22S ! 

352.175,209 

: 07,285,002 

12ri,413,780 1 

124.052,343 1 

! OS, 770. 4()2 1 

145.075,344 

! 8,031.573 


8,505,345 1 

3.770.0:10 

20, .564.115 

7,885,003 

0.71.5,()00 ! 

1 

2 :], ‘250, 815 

1011, .TO, ,317 

1 2.075,194 

12,358.:2:J6 I 

““U.'532.>»22i 

10. 162. 679 

13 . on. 40a 

j 3,550,500,105 j 

3,700,445,347 | 

4,345,193,881 j 

1 

: 3,574,510,454 

! 3 , 89 «, 3 :) 8 ,.V >7 

1 


Quantities of unmanvfaeturvd leoo! imported into the United States from the 
leading countries of siq}2ly during thefvc years ending June isw. 


Clenntry from whitdi 


Ycsii 

p ending Jnn(‘ 

:)o~- 


imivjrted. 

1892. 

1893. 

1894 

1K).5 

1S90, 


Pounds 

Pounds. 

Pounds. 

Pounds, 

Pounds. 

Belgium 

130,238 

123,869 

48 

3.463,883 

9,210,716 

France 

4,88.3,5.55 

8,128,213 

962,734 

10,245,426 

13, ‘279, 720 

Germany 

41.5,81.5 

1.4S1..VK) 

m.m 

l.rjiii 315 

2 , 021 , 44:1 

Russia 

32,4t**0,7u9 

30.h,Ti.;33;) 

9. 05.). 037 

12. 3^8,082 

0.945,248 

Turkey, European 

United Kingdom 

2,47»8.942 

3,238.002 

1,1.V3,128 

2,H19. 710 

5,80.3,833 

43,473,171 

61,107.704 

ll,i>40,;i27 

78,:©], 661 

90.1K)7,!(S9 

Canada 

1,1.37,210 

1,402.858 

0»tt.C28 

7,47)1,178 

4,904,7.53 


14,127,791 

R), 8*2, SOS 

B.IKj.fiO? 

25,745,854 

22,730,851 

ChSe 

2,:i74,9j0 ; 

1,(M4,889 

1,418,219 

2,149,740 

». 438. 140 

Uruguay 

4. 832, .5(13 1 

(A2. (*30 

247.197 

10,347.873 

8, 114.901 

China 

1.3,889,9.57 

20.T.'vJ,89:i 

10,18f,,2(i4 

20,089,418 

24,547,088 

British East Indies 


m, 937 , 

7^7,047 

8M4. 272 

12 ;]. 217 

Turkey, AsiatitJ 

9,194,8:1.5 

13, 310, . 5,53 j 

3,904,201 

7,;W0.877 

5, 453. 674 

Britisli Australasia 

15,3.59,722 

9,176,282 

4,917,306 

J2,:K).814 

20,386,260 

Britifjh Africa 

I.IA 112 

2,134.265 

1,221.742 

H..S7J,a'i3 

8,252.441 

Other countries 

t 2,220,511 

4,191,093 I 

439,961 

1,050,441 

1,725,12)) 

Total 

148,670,662 

172,433,838 

65,152,585 


m on ,*473 
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STATISTICS OF FB171T AJfD YBOETABLF C ANNINO IN THE TTNITEZ) 
, STATES. 

[From tho Censua o£ 1890 ] 

Capital employed §15,315,183 

Average number of einxdoyees 50, 881 

Wages paid during the year §5, 243, 707 

Cost of materials used §18, 665, 163 

Total value of products $29,802,416 


The capital emidoyod in this industry was only $701,388 less than was emxdo^’ed 
in the creamery and cheese-factory business, while the value of the products 
exceeded the combined value of all the windmills, clocks, watches, firearms, mir- 
rors, mats and matting, linen fabrics, and enameled goods manufactured in the 
United States during the same year. 

AVERAGE PRICE AND CONSUMPTION OF SUGAR, 

Average per pound of Standard sit gar hi the New YorJa marlcct and 

average eomunnpHon of mgar of all gravies, j[>cr caxnta of pox)nlation ^ in the 
United States from io lYJo. 


CaleTidiir year— 

Average 

lU'ice. 

I>er 

pound. 

CoUSTlJUIV 

tiori per 
capita of 
popula- 
tion. 


1878 

CVnf*. 

8.94 

J'oundn 

34.3 

1887. 

1879 

H 5;3 

4M7 

IKSH. 

lSrt> 

9 48 

43.9 


im 

9.84 

44.2 

1 18 $w> 

1882 .. 

H 87 

48.4 

1891 

i88;j 

8.14 

51 1 

1892 

IMS! 

(1 37 

5 : 3.4 

1893 

38V, ... 1 

(J.06 

51.8 

1894 

1888 1 

5 81 

56.9 

1895 


Calondiir year— 

Average 

price 

per 

pound. 

Consump- 
tion per 
capita of 
popula- 
tion. 


Cents. 

5 06 

0 G9 

7 59 

0 09 

4 47 

4 21 
4.72 
4.00 
4.00 

Pounds 

62.7 

56.7 
51. B 

53.8 
CO 1 
63 5 
(iJl.O 
iH\ 0 
U2.6 






* - • 


TEA, COFFEE, WINES, ETC. 

ConsHmption of tea, eoffee, iriucff, distilled spirits, and malt liqimrs in the Ignited 
States for the years 1370 to 1306, j>cr cojx'/a of population. 


1S71. 

1872 

1H7;J 

1874 

1875 
187«. 
3877- 
3878. 
187«. 
1880 

1881. 

1882. 

1883. 
1881. 

1885. 

1886. 

1887. 
388B. 

1889. 

1890. 

1891. 

1892. 
189 ^ 3 , 
185)4- 
1895- 
1898. 


Y('ftr ouiling June Ih)-- 


Tea, 

Coffee. 

Wines. 

Distilled 

spirits. 

Malt 

lKiuor.s. 

Pounds. 

a. 10 

Pounds. 

0 00 

Gallons. 

0.33 

Proof gals. 

Gallons. 

6.81 

1.14 

7.91 

.40 

L62 

6.10 

1 40 

7.28 

,41 

1.08 

6.66 

3.53 

6.87 

.45 

1.63 

7.21 

1.27 

6 59 

.48 

1.61 

7.00 

1 41 

7.m 

.45 

3.50 

6.71 

1.35 

7.63 

.45 

1.33 

6.83 

1 2:1 

6.94 

.47 

1.28 

6.5S 

1 63 

6 24 

.47 

1.09 

6.68 

3.21 

7.42 

.50 

i.n 

7.05 

1 m 

8.78 

.56 

1.27 

8.26 

1 54 

8.25 

.47 

1.38 

8.65 

1.47 1 

8.30 

.49 

1.40 

10 03 

l.JiO 

8.01 

.48 

1.46 

10.27 

1.(4) j 

9 26 

.37 

1.48 1 

10.74 

1 18 

9.60 

.39 

1,26 

10.63 

1 :i7 

0.:36 

.45 

1.26 

31.20 

1.49 

8.5.3 

.55 

3.21 

11.23 

I. 41 ) 

(5 81 

.01 

1.26 

12.80 

1.29 

9 It} 

.56 

1.33 

13.72 

l.JKJ 

7. fv3 1 

.46 

1.40 

13.67 

J 29 

7.99 

.45 

1.42 

15 28 

1 37 

9. (U 

.44 

1 50 

15.10 

i.\n 

8.21 

.48 

1 51 

16.08 

l.M 

8 01 

.31 


15.18 

1.38 1 

0 2:2 

.28 

1 13 

1 14.95 

1 31 ] 

8.04 

.26 

1 00 

1 15.16 
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TOTAL YALXTES OF EXPORTS OF DOHESTIO MEBOHANSZSE FOB 
THE YEARS 1890 TO 1896. 


Teju* ond- 
Juno^— 


1890- 

1891- 

im. 

1893. 

1894. 

1895. 

1896. 


AgriculturaL 

Other nonmaiiufac- 
tured. 

Manufactured. j 

Total 

value. 

Value. 

Per cent. 

Value. 

Per cent. 

Value. 

Per cent. 

$629,820,808 

642,751,344 

799,328,232 

615,882,986 

628,363,038 

553,210,026 

671,809,645 

74.61 
73.09 
78.69 
74 06 
72.28 
60.73 
66.25 

$64,370,644 

60,591,624 

67,892,842 

67,624,681 

67,113,001 

60,586,830 

62,729,464 

7.62 

6.64 

6.70 

C.93 

6.68 

7.13 

7.27 

$151,102,376 

168,927,815 

158,610,037 

158,023,118 

183,728,808 

183,695,743 

228,671,178 

j 

17.87 

19.87 
16.61 
19.02 

21.14 

23.14 
26.48 

$846,288,828 
872,270,283 
1,016 782 mi 
881,060,785 
860,204,087 
798,302,«I9 
863,200,487 


EXPORTS OP RAW COTTON PROM THE ITNITEE STATES POR THE 
YEARS 1800 TO 1806. 


Year ending June 30— 

Pounds. 

Per cent 
of total 
crop. 

Average 
export 
prl(;e per 
pound. 

1890 

2,471,709.853 
2,907,368.79.“» 
2,935,210,811 
2.212,115,120 
2,683,282,326 
8,617,433, 109 
2,335,226,385 

68. 15 

Cents. 

10.1 

10.0 

1891 

67.86 

3892 

65. 13 

8.7 

1893 

65.99 

8.6 

1894 

71.20 

7.8 

1895 

69.83 

6.8 

1896- 

65.00 

8.1 



PRODUCTION OP CERTAIN PRUITS AND NUTS, MOSTLY SEMI- 
TROPIC, IN THE UNITED STATES IN 1880, AND THE OU ANTITIES 
AND VALUES IMPORTED PROM 1801 TO 1806, INCLUSIVE. 


Product. 


OrauRres 

Lemons 

Limes 

Bananas 

Figs 

Dates 

Cocoanuts — 
Pineapples — 
OUves 

Baisins | 

Currants 

Plums andtl 
prunes 4| 

Almonds 


Total 
Taluo of 
United 
States 
crop in 
1 ^ 0 . 


1 $6, 602, 099 
988, lOf) 
>62,497 
>280,654 

>307,272 

(*) 
251,217 
>812,169 
866,368 
2,195,512 
*27,443,900 

0) 

1*127,719,6001 

1,625,110! 


Imported during year ending June JJO— 


1891. 


$2,330,98: 
4,351,970 
*59,807 
6,854,752 
i 697,502 
«9,2f)l,6«5 
: *061,690 
»20,091,012 
918, m 
*558,288 
*320,104 
2,018,879 
»30,572,(i5fi 
<*1,677,852 
{*42,849,814 
2,054,486 
*34,281,822 
f 081,007 
{*6,812,001 


1892. 


$1,210,338 
4,548,263 
*37,829 
6,000,682 
611,142 
*8,338, 759 
551,629 
17,084,557 
917,664 
*746,661 
*417,882 
964,309 
*20,687,640 
1,200,119 
*86,665.828 
437,271 
*10,869,797 
1,028,671 
•7,629,302 


$1,696,409 
4,994,328 
* 47, 196 
6,361,187 
648,1«>5 
*10,5(K1,028 
403,910 
»ie,211,9(Xi 
852,509 
*743,8tU 
*510,535 
l,2tVK342 
•27,54Jl,n(j;j 
1,185,537 
*33, 106,540 
1,302,318 
*20,414,112 
0;i8,054 
*6,670,147 


1894. 


$1,127,005 
4.285.JJ78 
*4H,7fV4 
5,122,5(0 
392.0(0 
•7,985,959 
887,586 
*12, 408, lie 
78(1,777 
a 753, 129 
*378,8(53 
554,081 
*13,751,050 
774,802 
*62,064,84*3 
416,342 
*9,908,122 
769.453 
*7,436,784 


1895. 


$1,997,26( 
3,917,32( 
a 28, 1ft 
4,674,86] 
587,421 
»ll,855,8fl< 
316,691 
•15,186,781 
471,9ft 
a 814,031 
a 825, 35} 
651, 42( 
•16,921,271 
258,651 
*16,4riO.70( 
527,621 
•14,852,06: 

810,431 
•7, 903, 37i 


> Beturns from a few districts not <iiiIto complete, 
a Entered for consumption. 

• Quantity in pounds. 

• Value of crop not ascertained. 

• Quantity in pounds entered for consumption. 


1890. 


$2,694,131 

5,040,844 

*39,602 

4,602,746 

689,612 

•11,900,710 

273,456 

•13,680,302 

442,730 

*3B2,0B8 

*847,345 

460,200 

*10,826,004 

651,072 

>33,040,846 

68,802 

*483,668 

768,694 

•7,789,661 
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Diagram 8.— FREIGHT RATES. 


A^e/tAGC RATE PER M/LE FOR TRAN'S PORTAT! ON. 

(ALE RAILWA Y'S IN THE UNITED STATES) 

PER TON OF FREIGHT WJA PER PASSENGER, ffll 


liiBHiinann 

mmnrnnnin 


raaoNT fiAve^ (all rah) in crrecT jan. /, f692 to /s96. 

yCAn, WH£AT AND CORN (C A fi LOADS) /N CENTS PER /OO POUNDS. 
CNiCAGO TO NEV^ YORK. PM EASTjSTLQUJS.iLL’.TO NlN/ YORH.\ 


AVERAGE RREfONTr rates. ON WHEAT FROM 
NEW yORR TO LIVERPOOL. 

(tN CENTO PER BU>SHEL). 


Ililiiijiilll 


! ■■■■■■ 
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THE WEATHER. BHREATJ* 

THE WEATHER IN 1898, c 

Highest and loumt temperatures^ with the highest and lowest ever recorded* 
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Mean rdaiive humidity for ISOG, with the normal for purposes of comparison. 
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VOLUNTARY OBSERVERS. 

For the information of persons who maj" l>e con tempi at iug tho offer of their 
services as voluntary observers to the Weather Bureau, the following statement 
concerning the equipment and duties of a voluntary observer has been iwepared 
by the Chief of tho liuveau : 

When it is considered that of the more than o.JlOO meteorological stations in the 
United States at which observations are being taken and recorded about 2,000, or 
nearly 00 per cent, are voluntary, it will bo realized to what extent those interested 
in meteorology are indebted to Voluntary observers for tho material supplied for 
scientific research. Without the coo]^el*ation of voluntary observers it would bo 
wholly impracticable, with the data collected from the regular telegraphic stations 
of the W^eather Bureau, to determine the local climatic features of the various 
sections of the country, which is being so thoroughly done through the extensive 
system of voluntary stations now in existence. Tho great increase in the numl>er 
of voluntary meteorological stations during the past decade ot >ears is due to the 
rapid extension of the SUito weather-service system, which now embraces the 
entire country in forty-two State weather-service organizations, whitdi are auxil- 
iarie.s of the National Weather Bureau in the collection of meteorological data, the 
distribution of the daily weather forecasts and special warnings, and in the collec- 
tion and publication of Iwal climatic and weather-crop information through 
monthly meteorological reports and weekly weather-crop oiinctins. 

For several yeai*s the National Weiithcr Bureau has encouraged the establish- 
ment of voluntary meteorological stations Liy snpi)l 3 'ing to i»crsons interested in 
meteorology an instrumental outfit consisting of standard self-registering ther- 
mometers and rain gauges, a book of instructions to ol)ser\ors. and suitable blank 
forms for recording ol^ervatioiis, upon condition that one observation shall be 
taken daily, preferably about sunset or thereafter, and that copies of records of 
ol>8ervation8 made be supplied to tho Weather Bureau through the State weather 
service in whose tcrribiry the station is located. Owing to the limited supply of 
instruments available for distribution to voluntary oUsorvers. it has been necessary 
to impose certain restrictions in their issue in carder that the instruments might be 
placed where observations would prove of tho greatest value. It frequently hap- 
pens that a person offers to cooperate as a volunteer observer and applies for instru- 
ments, and tlien learns through the Weather Bureau tliat a record is already being 
kept in his immediate vicinity. In such cases tho Weather Bureau is com])elled 
to decline the proffered services as observer as well as to furnish the necessary 
instruments. Until a few years ago tho Weather Bureau in providing instru- 
ments for new stations oliserved the general rule of equipping no station within 
60 miles of one already established. With tho gradual increase in the number of 
actions, this distance limi t has been reduced to 25 or JIO miles. Persons occupy ing 
eligible locations under the rules now governing the issue of instruments, and 
willing to comply with the conditions upon which they are furnished, will, as far 
as practicable, be supplied with tho instrumental outfit before mentioned upon 
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application to either the Chief of the Weather Bnroan, Washington, D. 0,, or the 
director of the State weather service in whose territory he resides. 

The dnties of a voluntary observer consist in taking and recording daily obser- 
vations of temperature, rainfall, state of weather, and miscellaneous meteorolog- 
ical phenomena, such as the occurrence of frosts, local storms, etc. 

Observations of air pressure and wind velocity by voluntary observers are not 
desired by the Weather Bureau. Enough data of this nature for tho purposes of 
the Bureau, in tho forecasting of weather, are obtained from tho regular, paid 
meteorological stations, from which daily telegraphic reports are received. Obser- 
vations of air pressure by voluntarj’’ observers are mainly of interest to tho observers 
themselves at the time of the observation in estimating the location of storm cen- 
ters in vicinities where there is no acci^s to tho daily weather map issued by the 
Weather Bureau. 

A trustworthy record of the weather is always of iiitorost to any community, and 
is often of very great practical value. It is one of the ol > jects of the W eather Bureau 
to foster and encourage the keeping of such records. There are numerous calls for 
records of the weather as evidence in courts in important law cases months, and 
oven years, after the record is made. Contractors and others interested in outside 
work often want a record of days when there was rain or there were high winds, 
when streams were frozen over or swollen with floods, etc. Farmers are inter(‘8ted 
in the state of the season, whether forward or backward, a.s regards temperature 
and rainfall. 

The Monthly Weather Review and other publications of the Weather Bureau are 
sent to voluntary observers in exchange for their observations, together with the 
weekly Weather Crop Bulletin and iiiontlily reports of State weather services. 

TEXTURE OP SOME TYPICAL SOILS. 


Locality. 


Marloy, Md 

XiavidHonville, Md 
Hagerstown, Md . 
3.ititz, Pa 

Poquonock, Conn. 

Granville Co.,N.C 
Lyncliburg, Va... 
Virginia City, HI . 
Dgiulala, Nodi* 


Description. 


Truck 0.,7) { 

Wheat 5 U t ' 

Grass 'J-, as j 

Cigar wrapper, 6. 85 
flahana type. i 

Cigar wrapper, S 13 . 
Sumatra tyjie. I 

Bright tol>acoo .. 2 12 
Shi]>ping tolwicco! U H8 

Upland loess I f».71 

Pmms marl 2.98 


Fine sand (0.25- 
0.1 mm.). 

Very fine sand 
(0.1-0.06 mm.). 

i 

0^ 

0 ^ 

4a 

OQ 

Prt\p ct 

P.ct 

;.>7.r.y 12.10 

7.74 

0.08 (30.82 

20.92 

. 5.3 10 04 

10.02 

3.11 U.i5 

;K).65 

23.r« 34.60 

5.92 

22.02 10.76 

13.17 

14.73 10.70 

0 70 

.01 7 68 

61.86 

1.06 76.68 

|12.93 


sa sa 
*8 sa 

f I 


Noth. —T ho first three samples in the table rt*present tho texture of tyxiical soils of the AtlaH' 
tic Count States adapted to truck, wheat, and grass. Their agricultural value and adaptation 
to crops are largely aeiiendent upon the relative proportion of the different gra<le« of sand uiid 
clay, as this determines the relation of the soils to water. Soils differ greatly, howi^ ver. ui 
structure or in the arrangement of the soil gi’nins, and as this changes their relation to water 
tho texture is not always a guide to their agricultural value. The texture, together with a 
record of the moisture content, indi<*ates very clearly the rtass of crops to which thew’i soils are 
adai>ted. The same remarks apply to tho four types of tcdmr'co soil shown in the table. The 
loess soils are characterized by a large content of silt. These likewise differ in structure, and 
this affects their agricultural value. The plains marl of western Kanbas and N obraska is cliar* 
acU^rized by a large percentage of very flue sand. 

Tli 0 following table gives tho weight of a cubic foot of soil under different 
degi*ees of compactness, together with the amount of space in these soils, and the 
per cent of water in the saturated soil wlien all the space is filled with water; 


Per cent by 
volume of 
space. 

Vr eight of 

1 cubic foot 
of water- 
free soil 
(pounds). 

Water in 1 
cubic foot of 
saturated 
soil 

(pouud.s). 

Wemit of 

1 ruble foot 
of soil, when 
saturated 
(pounds). 

Per cent by 
W'olght of 
water in sat 
urated soil. 

35 

107.6 

21.8 

129.3 

10 0 

40 

90.2 

25.0 

124.2 

20.1 

45 

90 6 

28.1 

118.7 

22.4 

60 

82.7 

31.2 

113.9 

27.4 

55 

74,4 

34.8 

108.7 

31.6 

00 

06.2 

37.4 

103.0 

30.1 

05 

68.1 

40.6 

88,7 

41.2 
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The spedRc gravity of upland arable soils varies but little and raay be assumed 
to be ali)ut 2.65 to 2.70; the former is used by the Department of Agriculttire for 
the mineral constituents of arable soils. The amount of space, therefore, in a cubic 
foot of such soil is determined by the comj^actness, or close arrangement, of the 
soil grains. As a rule, coarse, sandy soils are the most compact and contain the 
least amount of intergi-anular space, rarely containing less than 35 per cent 
of space, however. The amount of space ai)pears larger, as the grains are large 
and each individual space is larger, but tlio aggregate amount of space is less. 
Clay soils usually contain considerably more space than sandy soils, gtnng as high 
as 60 or 65 per cent in corainon arable clay lands. The weight of a cubic foot of 
dry soil iu its natural condition is given, approximately, in the second column for 
several conditions of compactness. Tho weight of water contained in the soil, if 
all the space is completely filled with it, is ^ven in the third column. Arable 
soils in good condition for cr^s rarely contain more than from 30 to 60 per cent 
of the saturating quantity. Tlio total weight of a cubic foot of saturated soil and 
tho fieroentages are given in the fourth and fifth columns. 


EDUCATIONAL INSTITUTIONS IN THE UNITED STATES HAVING 
COURSES IN AGRICULTURE. 


State or Terri- 
tory. 


Alalxima 

I 

Arizona 

Arknns'is I 

(’ttliloriiia 

(V>lorail(» ! 

(VmiKv tiout — j 

Delawaiv | 

I 

Ploritla 

Oeorjria 

Idaho 

llliiioiN 

Indiana 


low.a 

Kansas ! 

Kentucky : 

Louisiana I 


Main? 

Maryland 

HaarKirbusi^tts 
Miohii^.in 


Minnosota 




Missouri 


Montana 

Nebraska 

Novada 

Now Hampshire 

NowJorsoy 

NowMoTiro 

Now York 

North (^irolina 
North Dakota.. 

Ohio 

Oklahoma 

Oregon 

Ponnsylvaaia-.- 
RhcKlo iHliind . . . 
South Carolina . 


South Dakota .J 

Tr»rino»fti;xA J 


Name of institution 


Agrioultur.al and Mechanical Oollcgo. 
State Normal and Industrial St*ho<d. 

University of Arizona 

Arkansas ‘Industrial U^nivcr‘^ity 

I \ )1 lOKfo of A gr'ture of t he I hii vcrsi ty . 

The Stnto Agri<‘uUurfd Coll<*i;o 

Storra Agricultural Collego 

D<‘lawure College 

State College lor C.'olored Stinlents 
State Agricultnrttl ainl Modi College . 

Florida State Normal Bdiool 

College of Agr'turoand Merh Arts.. 

State Industrial College 

Oollegonf Agr'turcof tho University. 
Ooilege of Agr'turo of thf' irni\ 4‘r.Mty. 
School of Agriculture, Hortioultiiro, 
and V’etorinary Scienoo of Purdue 
University. 

College of Agr’turo and Meeh. Arts*. 
Kanwm State Agricultural Ctdb-go.. 
Agricultural and MecluiiucaiCollcge 

State Nonual School 

St.at<'» Unnci’Mty and Agri.'ultural 
and Mechanical <\dh'ge 
Southern Ihiivovsity and Agricul- 
tural and Mo<’hanu‘al Ut,lb-ge. 

Tho Maine State Uollege 

Maryland Agricultural College 

Massachusetts Agricultural College . 
Miidiigan Agricultural College 

College of AvgHeulture of ihoTTiiir. . 
Agricultural and Mechanical Cullege. 

Aleorn Agr’tural and Merh College 
CoUegi' c.C Agriculture and Meclianic 
Arts of tin* University. 

Lincoln Institute 

College of Agr'ture and Moch Arts. 
Industrial College of the l.mveisity 
School of Agviciilttiro of University 
College of Agriculture and tho Me- 
chanic Art‘). 

Rutgers Sciontifle School 

CJollego of Agr’ture and Mo<‘h. Arts. 

Cornell University 

College of Agr’turo and Mech Arts . 
North Dakota Agricultural College.. 

Ohio State Umvorsity 

Agricultural and Mechanical College 
Oregon State Agricultural College. . 

Pennsylvania State : 

Ooilege of Agr’ture and Mech. Arts. -i 

Clemson Agricultural College 

College of Agi*'ture and Moohanics’ 
Institute of Clailin UniTersilT 
South Dakota Agricultural College.. 
Kfntn Aorr’tiiral and Mech. Colleire-.-i 


Location. 


President 


Auburn 

Normal 

Tucsou 

Fayetteville 

rkelev 

FortColhus 

Storn< 

Newark 

DtA'cr 

Luke City 

Tallahassee 

Alln'ns 

(’olleue 

Moscow 

Urb.vua < 

Lafayette 


W. L Broun. 

W. n. Councill. 
Howard Billinan. 
.T L Buchanan. 
M. Kellogg. 
Alston Ellis. 


B. F. Koons. 

Cl. A. Harter. 
W. C Jason. 

O (’lute. 

T. De S Tucker 
H (’ White. 

R R. Wright. 
F.B (lault. 

A S Draper. 

J . H. Smart. 


Ames 

Manhattim 

Tie,xingti»n 

Frankfort 

Baton Ilouffo 


W. M. Beardsboar. 
(leo T Fairchild. 
J, K. Patlerson. 

J H .Tack sou. 
T.D.Boyd. 


Now Cl li'ans 


H A Hill. 


Orono 

College Park 

Amherst 

Agricultural Col- 
U ge 

Minnca]>olis 

Agrir-ultunil Col- 
legia 

Westsidc 

Columbia 


A W Harris. 

R. W. Silvester. 
H.H GoodelL 
J. L. Snyder. 

Cyrus Northroji. 

S. D. Loo. 


H H Triplett. 
Rich.ird 11. Jesse, 


JofTorson Ci'y . ! 

Bozcm.au 

Lincoln 

Keno 

Durhp.in 


T E Page. 
James Reid. 

U F. MacLean. 
J.E. Stubbs. 

C S Murkland 


Ne%v Bril ns wick 
Mi'silia Park... 

Ithaca 

Riilcigh 

Fargo 

Columbus 

Stillwater 

Corvallis 

Htiite ( ’oUege 

Kingston 

Clem. son College 
Orangeburg 


Austin Scott. 

C T. Jordan, 

J.G Schnrinan 
A U HoHaiiay. 

J if Worse. 

II Caulk Id. 
a K Morrow. 

H B Miller. 

(b> orgeVV A i her ton. 
.1 H Wa-Vlmm. 

E. B, Craighead. 

L M Dunton. 


Brookinc^ J W Heston. 

Knownlle C. W. Dabney, jr. 
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EBXTOATIOMAL IMSTITXTTIOMS IM THE XTNITEB STATES HATWa 
COBBSES IK AGBIOXTLTBBE-Continued. 


State or Terri- 
tory. 

Name of institution. 

Location 

President. 

Texas 

Utah 

Vermont 

Virginia 

Washington 

West Virginia.. 

Wisconsin 

Wyoming 

State Agr’tural and Mech. College. .. 
Prairie View State Normal School... 

Agricultural College of Utah 

State Agricultural College of the Uni- 
versity. 

Agr'tural and Mechanical Oollogo ... 
Uamptou Noraittl and Agricultural 
Institute. 

^ric. College and School of Science. 

West Virginia University 

1 The West Virginia Colored Institute. 
Collego of Agr’ture of the University. 
Collego of Agr’turo of the University. 

Collego Btat ion.. 

Prairie View 

Logan 

Burlington 

Blacksburg 

Hampton 

Pullman 

Morgan towm . .. 

Farm 

Madison 

Laramie 

L. S. Boss. 

L. C. Anderson. 

J . M. Tanner. 

M. H. Buckham. 

J. M. McBryde. 
M.B.Frissell. 

K. A. Bryan. 

J. L. Goodknight. 
J.H.Hill. 

C.K. Adams. 

P.P. Graves. 


AGBIOBLTUBAL EXPEBIMENT STATIONS IN THE BNITEB STATES, 
THEIB LOCATION, BIBECTOBS, ANB PRINCIPAL LINES OF 
WORK. 


Station. 


Director. 


LiucB of work in addition to chemiatry, 
borticulturo, and field experiments. 


Alabama (College), Auburn 


W. L. Broun 


Alabama (C’anebrake), Union- 
town. 

Arizona, Tucson 

Arkansas, Fayetteville 


n. Benton 

W. S. Devol 

R. L. Bennett — 


California, Berkeley 


E.W. Hilgard-...! 


Colorado, Fort Collins Alston EUis j 

Connecticut ( State ) , New Haven S. W. J ohnson — 


Connectujut (Storrs), Storrs. 


W. O Atwater-..! 


Delaware, Newark... 

Florida, Lake City . . . 
Georgia, Experiment 
Idaho, Moscow 

Illinois, Urbana 


A. T. Neale 

O. Clute- 

B. J. Bedding 

F. B. Gault 

E. Davenport — 


Indiana, Lafayette . 

Iowa, Ames 

Kansas, Manhattan 


C.S. Plumb : 

UP. Curtiss 

G.T. Fairchild... 


Kentucky, Lexington 

Louisiana (Sugar), New Orleans 

liouisiana (State), Baton Rouge . 

Louisiana (North), Calhoun 

Maine, Orono 


j M.A.Bcovoll ...J 

W. C. Stubbs i 

do 

do 

C. D, Woods 


Maryland, Collego Park R. H. Miller 

Massachusetts, Amherst — ..... H. H. Goodell — 


Botany; fertilizer analysis; diseases of 
|>!ants; pig feeding. 

Diseases of uninmls. 

Entomology; forestry; irrigation. 

AnaiywK or foods and feeding sliifiCs; dis- 
eases of plants; diseases of animals. 

B(itaiiy; meteorology; physics and chemis- 
try of soils; composition and cultivation 
of gnn>es and orchard fruits (especially 
olive.-*); chemistry of foods and feeding 
stuflfs; entomology; technology, drainage, 
and irrigation; reclamation of alkali 
lands 

Meteorology; botany; entomology; irriga- 
tion. 

Analysis and iiisi>oction of fertilizers and 
foods; chemistry of fosadlug stuflfs; chem- 
istry of milk and its iiroducts; diseases of 
plants; pot experiments with organic 
nitrogen. 

C'bemistry of feeding stuflfs and food of man; 
dig<>.sti<>n expc3*lments; dietary studies; 
bacteriology of milk and its products; 
dairying. 

Di8caKc.sor plants;. entomology; feeding ex- 
IHU'iixientH; dairying; diseases of animals. 

Entomology, 

Dairying. 

Botany; entomology; soils and water; drain- 
age and irrigation. 

Bacteriology; forestry; di8ca.s©s of plants; 
entomology; feeding ex jierlments; dairy- 
ing- 

Pot and fiedd experiments; feeding experi- 
ments; diseases of animals. 

Disoa«<^ of plants; entomology; feeding 
experiments; dairying. 

Diseases of plants; entomology; feeding 
experiments; diseases of animals; irn- 
gaiion. 

Soils; fertilizer analysis; diseases of plants; 
entomology; dairying. 

Bacteriology; soils; sugar making; drain- 
age and irrigation. 

Botany; bacteriology; geology; soils; ento- 
mology; feeding experiments. 

Soils; feeding experiments; dairying. 

Diseases of plants; food and nutrition of 
men and animals; diseases of animals; 
dairying. 

Soils; entomology; fcteding experiments. 

Analysis and control of fertilizers; diges- 
tion and feeding experiments; meteorol- 
ogy; diseases of plants; entomology; dis- 
eases of animals. 
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Station. 


Director. 


Linc» of work in addition to chemistry, 
horticulture, and field orperiments. 


Michigan, Agricultural Collcgo. 
Iiflnnesota, St. Anthony Park — j 


MisHlssippit Agricultural Coh 
lege. 


Missouri, Columbia . 
Montana, Bozeman., 
l^'ebraekn, Lincoln .. 


Nevada, 'Reno 

New Hamiwjhire, Durham 

New Jersey (State), Now Bruns- 

Now Jersey (College), Now 
Brunswick. 

New Mexico, Mesilla Park 


New York (State), Geneva — 
New York (Cornell), Ithaca .. 
North Carolina, Raleigh 


North Dakota, Fargo. 
Ohio, Woostor 


Oklahoma, Stillwater 

Oregon, Corvallis 

Pennsylvania, State College, 


Rhode Island, Kingston 

South Carolina, Cloinson College . 

South Dakota, Brookings 

Tennessee, Knoxville 

Texas, College Station 


Utah, Logan 

Vermont, Burlington — 


Virginia, Blacksburg 

Washington, Pullman 

West Virginia, Morgantown. 

Wisconsin, Madison 


Wyoming, Laramie 


C.D. Smith 

W.M. Liggett 

S.M.Tra^-y 

H J. Waters ... 
S. M. Emery — 
G. E. MacLean . 

J.E.Stublis.. . 
C.S. Murkland. 

E,B.Voorhee.H . 

do 

C. T. Jordan 

W.n. Jordan .. 


I P. Rolierts . 
H.B. Battle.... 


J.H Wor.st .. 
C, E. Thorne . 


G. E Morrow 

H. B. Miller 

H.P Armsby ... 


C.O. Flagg 

E. B. Craighead . 

J. H. Shepard 

C.P.Vanderford 
J.H. Connell 


L. Foster . . 
J.L. Hills . 


J.M.McBryde.. 

E. A. Bryan 

J. A. Myers 


W. A. Henry 


P. P.Graves. 


Botany; bacloriology; forestry; diseases of 
plants: entomology; feeding experiments; 
oisoasos of animals; dairying. 

Plant diseases; entomology; feeding and 
breeding experiments; di&easea of ani- 
mals; dairying. 

Botany; soils; entomology; digestion and 
feeding experiments; diseases of animals; 
drainage and irrigation. 

Diseases of plants; entomology; feeding 
experiments; drainage. 

Diseases of plaiit.s; feeding experiments; 
diseases of animals; irrigation. 

Botany; meteorology'; forestry; feeding 
and breeding exiieriments; diseases of 
animals. 

Botany; soils; entomology; irrigation. 

Feeding exjieriments; diseases of animals; 
dairying. 

Analy.sis and control of fertilizers; dairy- 
ing. 

Botany; diseases of plant«; entomology; 
di.sca.ses of animals. 

Botany; diseases of plants; entomology; 
feeding experiments. 

Meteorology; analysis and control of ferti- 
lizers; diseases or plants; feeding exi>eri- 
ments; poultry experiments; dairying. 

Soils; fertilizer invebtigations; diseases of 
plants; entomology; feeding experiments; 
poultry experiments; dairying. 

Analysis and control of fertilizers; seed 
tefntiug; composition of feeding stuffs; 
digestion experiments; poultry experi- 
ments. 

Di.seaseH of plant.s; feeding experiments. 

Soils: dineasesof plants; entomology; breed- 
ing and feeiUiig experiments. 

Soils and w'aters; feeding experiments; 
entomology. 

Soils; diseasoo of plants; entomology; feed- 
ing experiments; dairying. 

Meteorology; fertilizer analysis; feeding 
experiments; dairying. 

Fertilizer experiments; diseases of plants. 

Soils; auulysis and control of fertilizers; 
dairying. 

Soils; diseases of plants; forestry. 

Botany; entomology. 

Diseaso.s of plants; entomology; feeding 
oxiierimeiit^; diseases of anuhnls. 

Feeciiiig experiments; poultry, irrigation. 

Analysis and contred of fertilizers; diseases 
of plants: entomology; feeding experi- 
ments; diso.ases of animals; dairying. 

Diseases of ))lan(s; feeding exiicrlmenta; 
diseases of animals; ontomologj'. 

Soils; forestry; feeding experiments. 

Meteorology; analysis and control of fer- 
tilizers: entomology. 

Soils; feeding (‘xperiments (pigs and sheep); 
diseases or animals; dairying; drainage 
and irrigation. 

Geology; botany; waters; soils; entomol- 
ogy; food analyses; f c‘eding exiicriments; 
irrigation. 


FEEDINa STUFFS (FOB ANIMALS). 

EXPLANATIONS OF TERMS CSED IN THE TAPLE. 

iraftT*— All feeding stuffs contain water. The amount varies from 8 to 15 

g ottnda per 100 pounds of such dry materials as hay, straw, or grain to 80 pounds 
i silago and 90 pounds in sorao roots. 

Ash 18 what is left when the combustible part of a feeding stnif is burned away. 
It consists chiefly of lime, magnesia, potash, soda, iron, chlorine, and carbonic, 
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Bulphuric, and phosphoric acids, and is used largely in making bones* Part of the 
ash constitnents of the food is therefore stored up in the animars body; the rest is 
voided in the manure. 

Protein (or nitrogenous materials) is the name of a ^oup of materials contain* 
ing nitrog^. Protein furnishes the materials for the lean flesh, blood, skin, 
muscles, tendons, nerves, hair, horns, wool, and the casein and albiunin of milk, 
etc., and is one of the most important constituents of feeding stuffs, 

J%er.— Fiber, sometimes called cellulose, is the frameworlc of plants, and is, as 
a rule, the most indigestible constituent of feeding stuffs. The coarse fodders , such 
as bay and straw, contain a much larger prox)ortion of flber than the grains, oil 
cakes, etc. 

Nitrogen-free extract includes starch, sugar gums, and the like, and forms an 
important part of all feeding stuffs, but especially of most grains. The nitrogen- 
free extract and fiber are usually classed together under the name of carbohy- 
drates. The carbohydrates form the largest part of all vegetable foods. They 
are either stored up as fat or burned in the body to produce lieat and energy. 

Fat, or the materials dissolved from a feeding stuff by ether, is an impure prod- 
uct, and includes, besides real fats, wax, the green coloring matter of plants, etc. 
Tho fat of food is either stored up in tho body as fat or burned to furnish heat and 
energy, 

Arcrayc compoaitlon of American feeding sivffn. 


Fciieding Rtuff. 


OKKiC-N rODDEIl. 

Com fodder, all v.ai’iotio8 

Kye fodder 

Oat fodder 

Iledtoi) {AgtosHs vulffW'is) > in bloom 

Tali out grass (Arrhenatlirnim avenaccum)^ 

Orchard grass (iHiduha glomnata) 

Meadow fescue (Fesiucapratcnhis) 

Italian rye gmvss {Lohum ifalivum) 

Timothy (JPWeww pratvnse)^ 

Kentucky blu3 gross (Foa praUnsi») * 

Hungarian gra.s3 (tictaria) - 

Ked clover (Tri folium pratense) 

Alsiko clover (JH'ifolmm hybndum) • 

Crimson clover {Trifohwn incarnaium) 

Alfalfa (Mcdicago mtiva) • 

Kerradello {Omithopus mtivus) 

CoAvpea 

Boja bean (Swa kuynda) 

Horse boon (r'icia/oha) 

Flat poa (Laihyrus aylccsfria) 

Rape 

81LAOH. 

Corn silage 

Rod -clover silage 

Hoja-boan silage 

Co^T)ea-vino silage 

HAY AND DKY fOAltSK 

Corn fodder, ^ field cured 

Corn loAves, field cured ... 

Corn busks, field enrod 

Corn stover, ® field cured .• 

Hay from — 

Bodtop 

Orchard grass 

mi... 


Kentuc^ blue grass _ . 

Hungarian gr.'iss 

Meadow fescue 

Italian rye grass 

Mixed grasses 

Kowen (mixed)® 

Mixed grasses and clovers 

Red clover 

Alsike clover 


Water. 

Ash. 

rvo- 

tein. 

1 Fiber, j 

Nitro- 1 
gen fn^e 
extract. | 

F»t 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Perct. 

Per ct. 

79.3 

1.3 

1.6 

6.0 

12.2 

0.5 

•nke 

1.8 

2.6 

11.6 

6.8 

.6 

63.2 

3.5 

3.4 

11.2 

19 3 

1.4 

65.3 

2.3 

2.8 

11.0 

17.7 

.9 

m 5 

2.0 i 

2.4 

0.4 

15.8 1 

.9 

7:1.0 

2.0 

2.6 

8.2 

13.3 i 

.9 

69 9 

d.8 

3.4 

10.8 

14.3 

.8 

7:3 3 

2.5 

3.1 

0.8 

13.8 

1.8 

61. « 

2.1 

3.1 

11.8 

20.2 ! 

1.2 

65 1 

3 8 

4.1 

9.1 

17.6 1 

1.8 

71.1 

1.7 

3.1 

9.2 

14.3 ! 

.7 

70.8 

2.1 

4.4 

8.1 

13.5 ! 

1.1 

74 8 

2.0 

3.9 

7.4 

11 0 

.9 

80 9 

1.7 

3.1 

6.2 

8 4 

.7 

71.8 

2 T 

4.8 ; 

7.4 

12.3 

1,0 

79.5 

8.2 

2.7 

5.4 

8.6 

.7 

83.0 

1.7 

2.4 

4.8 

7.1 

.4 

75 1 

2,6 

4.0 

6.7 

10.6 

1.0 

84.2 

1.2 

2.8 

4.0 

6.5 

.4 

00.7 

2.9 

8.7 

7.9 

13 2 

1.6 

84.5 

2.0 

2.8 

2.6 

8.4 

.6 

79.1 

1.4 

1.7 

6.0 

11.0 

0.8 

73.0 

2 0 

4 2 

8 4 

11.6 

1.2 

74.3 

2.8 

4.1 

9.7 

6.0 

2.2 

79.3 

2.9 

2.7 

6,0 

7.6 

1.5 

43.2 

2.7 

4.5 

14.8 

84.7 

1.6 

.30.0 

5.5 

6.0 

1 21.4 

86.7 

1.4 

.50.9 

1.8 

2.5 

1 15.8 

1 28.3 

.7 

40.5 

B.i 

8.8 

19.7 

81.6 

1.1 

8 9 

5 2 

7.9 

28.0 

47.5 

1.9 

9 9 

6.0 

8.1 

82.4 

41.0 

2.6 

13,3 

4 4 

5.9 

29.0 

45.0 

2.6 

31 3 

0.3 

1 7.8 

2 ;}.o 

37.8 

8.9 

4.7 

0.0 

7.5 

27.7 

49.0 

2.1 

3().0 

6.8 

7.0 

25.9 

88.4 

2.7 

8 5 

6.9 

7.6 

30.5 

45 0 

1.7 

3.5.3 

5.5 

7.4 

27.2 

42.1 

2.5 

36 0 

0.6 

11.6 

23.6 

30.4 

B.1 

33.9 

5.5 

10.3 

27.6 

41.3 

2.6 

15 3 

0.2 

33.3 

24.8 

88.1 

8,8 

9 7 

8.3 

13.8 

26.6 

40.7 

2.9 


> Herd’s grass of Pennsylvania. ® imeem. 

> Meadow oat grass. ’ Entire plant. 

* Hord’fl grass of Now England and New York. « What is left after the ears are harvested. 

* June grass. ® Second cut of hay. 

* Swedish dover. 



COMPOSITIOK OF FEEDING STtTFFS, 

Average, com^xmiion of American feeding stuffs — Continued, 


Feeding stuff. 


Water. Aslu Fiber, gen -free Fat. 

. extract. 


nxr AND DRY COARSE FODDER— continued. 

Hay from— Continnod. 

White clorer ( Tri folium repent) P.7 

Chrimson eJorer - 0.f> 

Japan clover ( Lespedeza siriaio.) 31.0 

Vetch 31.3 

^iradella 9.2 

Alfalfa » 

rowi>©» 10. 7 

8o.iabaaa 11.3 

Fiat pea H.4 

Peanut vines (without xnit») 7 0 

Soja lxmii straw 10 1 

IIorse-beuTi straw 0 2 

Wheat straw St 0 

llyostiniw. 7.1 

< »at straw S>. 2 

Jiuc'kwlicat straw 9. 9 


\ Per ct.\Pcr ct.\ Per ct. jPeref. 


ROOTS AND TrilEIifi. 

Sugar beets 

IVlangel wurzols 

Uut.H hagas - 

Carrots 

Artichokes 


GRAINS AND OTriKU SECIW. 


C\)rn kernels 

Barley 

Oats 

Kve 

Wheat 

Hunflowt r se4>d (.whole) 

Cotton seed ^ whole, with iiulls). 
Peanut kernels (without hulls). 

Horse bean 

Soja Iwun 

Oowpoa 


MILL 

Corn meal 

Corn and cob meal. . 

Oatmciil 

Baric y ineul 

Pea meal 


WASTE rUODlCT.*;. 


Oat feed, average 

Barley sen'^cuing'^, uverago - 

Mall sprouts. a\ crape ... 

)lrewcr.s' prams (wot) 

Brewers’ grams (driod) 

Jtve bran 

Wheat bran 

Wheat iniddling*^ 

Wheat shorts 

Wheat sereonmps 

Rice bran 

Rico hulls 

Rico polish 

Buckwheat iniddhugs 

Cotton sow! meftl 

Cotton -.sued hulls 

Ijinsoed meal (old process) 
Ltinweed meal (uew proc*et<y) , 

l^uut meal 

Pefiuut bulls 

Hominy chops 


Pe/use from corristanh fcrftu ies. 

Corn germ 

('orn germ meal 

Giuteu meal * 


Buriy analyses.. 
Btsotuit auaiirscs . 

Chicago 

Buffalo 


Buffalo 

Cream pluteu 

Gluten f€<«d 

Chicago ntaiae feed 

Glucose feed and glucose ret use 

Dried starch feed and sugar feed — 
Starch feed (wet) 


* Lucorn. 
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DIGESTIBILITY OB' FEB^DING STGB’FS. 

The preceding tables give the total amounts of nutrients found by analysis in 
different feeding stuffs. Only a portion of these amounts is of direct use to the 
animal, that is, that digested. Tho rest passes through the animal and is excreted 
as manure. The amounts of the different food constituents of feeding stuffs 
digested have been determined by careful experiments on different classes of ani* 
male. The results thus obtained in American experiments have been used in cal- 
culating the amounts of digestible protein, fat. and carl>ohydratos contained in 
100 pounds of different feeding stuffs shown in the table Mow. These are the 
figures which must bo consulted in determining the food value of a given material 
and in selecting feeding stuffs for making up a ration. 

Calorie , — The last column of the table, headed “ Fuel value, ’indicates the value 
of the food for producing heat for the body and energy for the work. It is stated 
in calories, a calorie being the amount of heat required to raise the temperature of 
a pound of water 4° F. 

Dry matter and digestible food ingredients in jOO jHninds of feeding stvffs. 


Feeding stuff. 

Dry 

matter. 

Protein. 

Carbo* 

hydrates- 

B^at. 

Fuel 

value. 

Green fodder : 

Corn fodder!..--.. - 

Pounds. 

20.7 

Pounds. 

1.10 

Pounds 
12 08 

Pounds. 

0.37 

Cedories, 

26,076 

81,014 

Bye fodder 

ISl.i 

2 05 

14.11 

.44 

Oat fodder - 

87.8 

2.60 

22, Ot) 

1.04 

51,624 

45,785 

85,603 

84,755 

Bedtop, in bloom 

84.7 

2.00 

21.24 

.68 

Orchard grass, in bloom 

27.0 

1.91 

15. 91 

.58 

Meadow fescue, in bloom 

80.1 

1.49 

16.78 

.42 

Timothy .1 

88.4 

2.28 

23. 71 

.77 

51,601 

45,085 

84,162 

86.187 

Kentucky blue grass 

84.0 

8 01 

10.88 

.83 

Hungarian grass 

28.0 

l.iKi 

15.68 

.30 

Bed clover .T-- 

20.2 

8.07 

14 82 

,60 

Crimson clover 

10.8 

2 . 10 

9.31 

.44 

83,101 

Alfalfa 

28.2 

8.89 

11.20 

.41 

80,708 

10,290 

80,883 

Cowpoa. - - - 

10.4 

1.68 

8.08 

.25 

Soja'bean 

28.5 

2.79 

11.82 

.63 

C!om silage 

20.0 

0.6<i 

ll.7l» 

0 (« 

25,714 

71,654 

Com fodder, field cured 

57.8 

2.4H 

88 iiS 

1.J5 

Corn stover, field cured 

59.5 

1.08 

»j.J0 

.67 

67,768 

Hay from— ' 

Orchai’d graew 

00.1 

4.78 

41 90 

1.40 

02,000 

100,078 

02,720 

86,516 

110,131 

85,785 

Kedtop .r 

01.1 

4.812 

Hi 8.3 

.m 

mmntby ^ 

80 8 

2.89 

43. i 2 

1.43 

Kentucky blue grass 

78.8 

4.70 

37. 

1.95 

Hungarian grass 

02.8 

4.50 

61.67 

1 34 

Meadow fescue 

80.0 

4.20 

43 lU 

1.T8 

Mixed grasses 

87.1 

4 22 

43.20 

1.33 

83,025 

86,040 

87,050 

Rowen^i mixed) 

Mixed grasses and clover.. 

83.4 

87.1 

7.19 

0.10 

41.20 
42. 71 

1.43 

1 46 

Bod clover 

84.7 

6.58 

m. 

1.66 

84,905 

Alsike clover 

00.8 

8.15 

41.70 

1.36 

88,460 

White clover 

00.3 

11. Hi 

41 82 

1.48 

105,346 

Crimson clover 

01.4 

10.4!) 

38 13 

1.29 

85,877 

Alfalfa 

01.0 

10.58 

87 . 88 

1.38 

84,036 

Cowpea 

80.3 

10.70 

38.40 

1.51 

87,86$ 

Soja beau 

88 7 

10.78 

88 . 72 

1.54 

88,568 

78,006 

Wheat straw 

00.4 

.80 

87 04 

.46 

Rye straw 

92 0 

.74 

42.71 

.85 

68,204 

Oat straw 

00.8 

1.58 

41.63 

.74 

68,403 

Sojadiean straw 

60.0 

2.80 

80.08 

1.08 

63,067 

Boots and tubers: 

Potatoes 

21.1 

1.27 

15.59 


01,900 

Beets 

13.0 

1 21 

6.84 

.05 

18,004 

Mangel'Wurzels 

0.1 

1.03 

5.65 

.11 

12,688 

Turnips 

0.5 

.81 

6.46 

.11 

13,086 

Butarbagas 

11.4 

.88 

7.74 

.11 

16,497 

Carrots 

11.4 

.81 

7.83 

.22 

16,000 

Grains and other seeds: 

Com (dent and flint) 

80.1 

7.02 

66.60 

4.28 

156,836 

Barley - 

89.1 

8.09 

64.83 

1.60 

143,409 

Oate- - - 

80.0 

0.25 

48.34 

4.18 

124,757 

By0 

88.4 

0.12 

60.73 

1.86 

152,409 

154,848 

Wneat ...... - 

80.5 

10.23 

60.21 

1.68 

tfAAd /^trhnln^ _ 

80.7 

11.08 

83.13 

18.44 

160,047 

Mill products: 

fxivn meal ...... 

86.0 

7.01 

65.20 

8.25 

148,026 


84.0 

0.40 

56.28 

8.87 

128,808 

Oatmeal 

02.1 

11.53 1 

52.06 

5.96 

148,302 

^riev meal 

88.1 

7.06 1 

62.88 

1.06 

188,818 


J Corn fodder is entire plant, usually sown thick. 
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N/\/ 

JOry rmiter and digestible food ingredients in 100 pounds of feeding stuffs^QonVd, 


Poeding fituff. 


Mill products— Continued, 

Ground com nneJ oats, equal i)arts, 

Pea meal 

Waste products: 

Gluten feed 

Gluten meal 

Hominy chops 

Malt sprouts 

Brewers’ graiiiH 

Brewerfs’ grains (dried ) 


Wheat middlings 

Wheat shorts... 

Ootton-Bced inee 1 

OottoU'Roed liulJ.s 

Tiinseed meal told 

Idnseod meal ( new process) 

Peanut 3ueal 

Milk and its bvqiro<lnrts. 

Wholomilk 

Skim milk— 

r-reiim raised hv setting 

(’ream raised by separator . 

Buttermilk 

Whey 


Rye bran .. 
Wheat bran 


Dry ' 
matter 

Protoin j 
.. - 

C.arbo- 
hydrates j 

Fat 

Fuel 

value. 

Pounds. 

Pouiifly ’ 

1 i 

PnnntU 1 

Pounds. 

Calorics. 

88.1 

7 80 

01 20 

8.72 

143,276 

80 5 

10. 77 ! 

1 51.78 

.05 

130,246 

02.3 

20.40 

43. 75 

8.50 

155,560 

01.2 

25.40 1 

4.2 32 

10.38 

160,9;K4 

88.0 

7.45 

a“» 24 

6.81 

146,342 

80. h 

18. V3 i 

43 50 

1.16 

120,624 

21.8 

iJfO 

0.37 

1.8S 

80,692 

01 1 

14.73 

30.00 

4.82 

115,814 

88.4 

11.45 

50.28 

1.00 

123,080 

88, 5 

1 12.01 

41.. 2:1 

2.87 

111,1;18 

81 0 

12. 70 

53.15 

3.40 

136,006 

88 2 

] 2 2** 

I 49.08 

3.83 

J3l,8:«i 

01.8 

37.01 

I Irt 52 

12.63 

152,0 

8M 0 

•4‘3i 

1 30 05 

1.60 

65,480 

J<0 8 

2S. 78 i 

I, 32 81 

7.06 

144,313 

80. H 1 

‘ 27.80 ! 

[ 3»> 3<) 

2.73 ! 

131,026 

(rO :i ; 

; 42 Vd 

22 82 

6.86 

151,263 

l;i s 

a is 

4 ;r 

3.70 

30,866 

0 (; 

a 13 

I 4 00 

! .83 

18,048 

0 4 

2 14 

1 5.24 

.20 

16,439 

J». 0 

a 87 

1 4 00 

1 1 06 

37,685 

ti.O 

* 

.84 

4.:4 

1 

11,687 


stam>vkps. 


Attompta ImvG boon made to ascertain the food requirements of various lands 
of farm animals under dilforont conditions. From the results of experiments, 
feodin^f standards have been \\'orked out which show the amounts of dip^estible 
protein, fat, and carbohydrates 8nppos(‘d to be best adn])te(l to different animals 
when kept for different purposes. The feediiii:' standards of Wolff’, a German, 
have b(?en most 'widely used. They are as follo^s'6 : 


Wolff's fi'i ding slo ndonU, 


A -PER r>AY AN]> PER 1 PorXDS TAVK WEKiHT. 



1 Totiil ' 

l).;Cestil l‘j i!(j*.>d niat^>n.'ils. 

Fuel 

value. 

Kind nf HU in ud. 

j org,ini<' ! 
j matter. 

Protein. 

! 

Carb> )ky- 
dratetf. 

j Fat 


1 

1 Pi>nii(h. 

T\nni(h 

Pounds 

1 Pounds 

Calories. 

0.ven at rest in stall 

17.5 

0 7 

S 0 

0.15 

1«,8U 

Wool sheei>, roar.s'^r breed*) 

. 2*‘ 0 

1 2 

10 3 

.20 

22,2;}5 

Wool .sheep. Oner lu'oeti*. 

i 2:15 

1 5 

il 4 

.25 

25,(450 

Oxen moderately worked 

21 0 

1 6 

n.3 

.30 

24,200 

Oxen hefuily wiu-kefl 

! 26 6 

2 4 

J3,2 

.60 

1 31, 126 

Horw‘S moderately worked 

... . ! 22 5 

1 8 

11.2 

.60 

26,712 

Hordes heavily worked . . . 

- ' 25 5 ! 

2 8 

13 4 

! .80 

33.508 

Mlleh rows 

Fattening Htecrn; 

2t 0 

i 

2.5 

12 5 

.40 

t 

29,599 

First period 

... 2 : 0 1 

2 5 

1.5 0 

, .50 

34,660 

Second period 

2i>. n 

3 n 

n s 

' .70 

36,062 

Third iieriotl 

Fattening sheep: 

25 n 

1 ** T 

1 

14 8 

; .60 

35,082 

First period 

. . 26 0 

j 3.0 

1.5 “ 

' 50 

35.962 

Becoiirl period 

Fattening swine: 

25 a 

' 3. .5 

0 4 

. CO 

85,82t^ 

First period - . 

r/, 0 

5 0 

2 

• ,5 

60,458 

Second period 

... .1 31.0 

i 0 

] 

) 

4.0 

52,080 

Third iKwlod 

1 2:1 5 

0 - 

7 .5 

1 

87,670 

1 


12 aO.V 



610 YEAUBOOK OP THE C- 6. OEPAHTMENT OP AORICUETUKE. 


Wolff's feeding srf au<far(i«— 'Continued. 

B. -PER DAY AKD PER HEAD. 


KinU (*f tmhnal. 

Average 
livo 
Wtlgllt 
per head 

Total 

organic 

matter. 

Digp-itihle food materials. 

Fuel 

value. 

Protein. 

Carbohy- 

di'atoH. 

Fat. 

Growm^r cattle: 







Atre- - 

P(/)f>uZ.s‘. 

Pound ft. 

iViUnd','}. 

Pounds. 

J^emnda. 

Calories. 

2 to 8 months 

158 

3.8 

0.0 

2.1 

0.80 

5,110 

8 to 6 months 

;K)0 

7.0 1 

1.0 

4.1 

.30 

10,760 

0 to 12 months 

.5(K) 

12.0 1 

1.8 

6.8 

.80 

10,3J12 

12 to 38 months 

7(M> 

l(i.8 

1.4 

9.1 

,28 

20,715 

18 to 2-1 iiiunths 

859 

20.4 1 

1.4 

10.3 

.20 

22,850 

Growing shoo !>: 







Ago— 







5 to 6 months 

nn 

1.8 

.18 

.87 

.015 

2,343 

(1 to 8 moiuliH 

(■'7 

3.7 

.17 

.8.5 

.040 

2,(KiO 

8 to 11 Tn<)nth‘' 

7.5 

1.7 

.10 

.85 

.087 

2,(Xi.5 

311) 1 >in< 'ill hh - 

82 

1.8 

.14 

.89 

.082 

2,051 

15 to20n»onths 

85 

1.0 

.12 

.88 

.025 

I.iHiO 

Growing lat swiiio: 







Ago— 







2 to 8 months 

m 

2.1 

.88 

1 fiO 

8. 41)0 

8 toomonthti 

1 I'lO 

8.4 

.50 

2. 

50 i 

6,5S0 

r> to 0 motith-^ 1 

! 1 '5 

3 9 

.54 

•k 

m 

0,510 

to 8 months 

1 17(» 

4 6 

..58 

8 47 

7.r>*si 

8 to 12 mouths 

.250 

5 2 1 

02 

4 05 

S.0.SO 


C’Al ('I LITIO 


i'-V 


In or«lor to oxplain the n‘^e (-f the procedinj; ta])1< let ns calcnuito the daily 
ration for a cow, assiiiniiii? that the fanner lur^ on hand clover hay, corn Mla.^e, 
coin meal, and wheat l<rah. Wolff's standard for n cow of 1 ,000 po‘iinds (‘alls for 
2.0 jicmnds of protein, 12.5 poniuls of carhohyd rales, mid 0.-1 pound of fat. which 
would funheh 20,590 calories of heat. From tho table showinj.^ the amounts 
of di;?estible nutri^aits we find that 100 pou!id| of dover hay fui'iiishes bl.T 
pounds of dry inatier, C,58 pounds of protein, ff ).35 pounds of carbohydrates, 
and l.OG pounds of fat, equivalent to n fuel value of 84,095 calorios. 'Twelve 
I>ounds would have 10.10 pouiKls of dry matter, containing 0.79 pound of jirotein, 
4.24 pounds of carbohydrates, and 0.20 pound of fat, and pviu^ a fuel %'aliie of 
10.199 calorie.^. In tho same way tho amounts furnished ])y 20 pounds of corn 
silafye, 4 pounds of corn iiioal, and 4 pounds of wheat bran arc found. Tho )*e.sults 
would bo as given in tiio following table : 


McIIkmI of vnlcnhilhiij raiion for (Uilrij coi*\ 


R.ation. 

I Total 
diy 

! uhiitcr. 

1 

Dtgosti- 
hlo pro- 
tein. 

Digest! 
hk* car 
boliy- 
drates 

Digest i- 
hlo fat. i 

Fuel 

value. 

12 pounds of clover hay 

20 pounds of com Rllugw 

1 Pounds 
30 30 

]\>unds 

0 79 

Pounds 

4.21 

J'ounds. 

0.20 

Calories. 

10,199 

4.18 

.13 

2 

.38 

5,143 

4))OUiid.s of corn meal 

1 8.40 

.38 

2 03 

.13 

5,«n 

4 pounds of wheat Iran 

8.M 

.48 

1.65 

.11 

4,446 

Total 

21 28 

3.(v; 

10 H6 

.67 

25,709 

Wolft's fataudard 

24 00 

2. 60 

12.50 

.40 

29,690 


This ration is below the standard, especially in iirotein. To furnish the protein 
needed without increasing the other nutrients too much, a f(‘oding stuff quite rich 
in protein is needed. The addition of 4 pounds of gluten feed would make tho 
ration as shown in the following table : 

CtmipJried ration for dairy coir. 


Ration. 

Total 

dry 

matter. 

1 

Digesti- 
ble pro- 
tein. 

Digest 
bio ear- 
bohy- 
dratoa. 

Digesti- 
ble fat. 

Fuel 

value. 

12 pouTKls clover liay, 2*) pounds corn silage, 4 
pounds corn meal, and 4 iMainds wheat hrau - 
4 pounds gluten feed 

Total 

Pounds. 

21.28 

3.09 

I*VUTUlS, 

l.Wl 

.82 

Potoids. 
10. 80 
1.75 

Ptmnds. 

0.57 

.34 

Castries. 

25,70t) 

6,323 

2ii!r 

2 48 

1 jiToF 

1 -"i 

31,933 
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Thisiratian, it will be Been, containa somewhat more carbohydrates and fat than 
the Btamlard calls for, but is close enough to the {standard for ^unctical ])uri) 0 ,s^i=(. 
Tho calculation may be considerably Biinplific d, without impairing accuracy, by 
considering only the protoi n and tho fuel valnc. For exiiinple , snpposo tho farmer 
feeds his cows dry corn fodder (not stover), good timothy hay (herd h grass), and 
a grain mixture comnosed of equal parts of corn meal, vdie it b'-'an, and gluten 
meal, a ration might bo made from tlicso as follown : 

TCalloii 2 }cr eotr (httlf/. 


litltloH. 


lOponiKH ]uy .. 

jOpoiiinm dry corn loild"iV 

4 poll ads corn rn< al 

4 i>(>umh. wliont Imni 

4 p< >U'\ds , 

Tnf'i].. . . 


Dry 

matter. 

I^i’otein 

Put’! 

vaiiK' 

J'omida. 


( alorii a 

8 CS 

0 

i». 2r;j 

T). 78 


7. irc. 

‘.1 40 

.ii6 


1 n.ni 

.IS 

4. 440 

1 O.Ci 

1 vn 

0 , 7U7 

1 Uo {J 

e [;_5 , 



1 


This ration i- higher tliau tho standarel in fuel value\ enving to ri<liii05*s ed the 
inaterials in carboljydrate s ainl fat, and slightly lower in protmn. The snbsili u- 
lion of 1 pound ( f inw-proi-cf--; iinso. d inoal in phu ‘0 e-f 1 iionnd <*f the corn meal 
would give 0.21 pound more protein, which would malce the ration contain 2/>t 
pounds of protein. 


FEBTILIZING CONSTITUENTS OF FEEDING STUFFS AND FABM 

FBODUCTS. 


XJalor ,d 


<.aLi % I' jomu'- 

(V>rn f odd or 

SorifJmin t<»d(U*t‘ 

Hyo fodder 

< )at ftjdder 



daiMiiiesomillfi 

Hungarian *rl•n‘^‘H < sr/twio ^ 

Orchard gr»K'< ( IhirtfjUn ‘ 

'rimothy gra-^B ( I hUton p; attniii . i 

Porounial r> o gra^H ( f,<>hunt 

Italian ryo grass ( l.fflt itoUvrui ) > 

pasture gras-,os 

Kod ido vor ( Tri /*( d o' ,*a j < kj ^ ) 

White cluvcr (Ti t'f>thvni rt prui^\ 

Al«ik<' cdoTor { 2 'nfoUnm hybrid um » 

Orlmson elovrr {Trifolhnu ihroruvUtm >... 

AlMfa {^Meduofjo iutivu) 

CJowpoa 

Herradcllrt aatu ut^j 

Sojabcan hmjjuU > 

Hrmw hean (I’r /u fufw ) 

WWto lupine I LujmnKH .'O 

Yttllow lupiao iVfes i J 

Plwfc pea { Lffthyi n<t aylirst) /> ) ' 

Common vetoh ( I'uua / ^ a ) ^ 

Ih'icklv oomfroy (titjfv) nmvm > 

Corn fiilage 

Apple i»omaoc silago ^ 

11 AV Axo mn roAitf*n ronniats. 

Corn fodder (with ears) 

(/Orn stover (u iiliout cars) 

TwMsiato {Evrhlo'uahirio 

Common millet 

Japaucso milKt 

Hungarian grass 

Hay of mixed grasses 

Bowon of mixed grasses 

Bedtop (Aifrostis vulffw i») 

'rimothy 

Orchard grass 


■ 1 

! W.ut.r, ! 

J- i 

Ash ! 

Nitro- 

gen. 

Plios- 

phoric 

ufjd 

PtrtaVa. 

i 

‘ P( 1 r, rtf 

7\'r cc-ni . 

j 

r<r revi 

Per criii. 

l\‘r ccitf 

1 7S.<)1 1 

4 bl j 

0 41 

0 15 

(1 33 

' KJ 10 1 


.23 

.09 

.23 

(ri 11 i 

1 


. 15 

.73 

j Ki U) 1 

i ai 1 

.40 

• IJL 

.38 

' (ii; ,v< i 
H (».% 


.G1 

.53 

.19 

.20 

41 

.34 

w :>! 


.39 

.16 

.55 

i va u 



2.00 

.43 

.16 

.78 

• 0(1 90 

2 ir, 

.48 

.26 

.76 


2 8>0 

.47 

.2S 

3 10 

- 1 74 8.7 

2 81 

.r>4 

.29 

i 1 14 

.1 M V) 

a 27 

.01 

. 2:1 

, • Tdi 

1 80 00 



i .13 

.46 

1 81 00 


.5G 


, .24 

' 81.80 

i 47 

.41 

. Ji 

.g!) 

J 82 .'»0 


.43 

.13 

,49 


75 ao 

2 2.7 

7'* 

13 

.56 


78 8! 

1 47 

27 

.10 

.21 


82 .50 

1 82 

.41 

! 14 

,42 


7.1 20 


20 

*5 

.53 


74 71 

j" ■/"" 

i , GS 

i ;^{ 

1 37 


85 J.5 

! 

.44 


1 73 


Kl 15 

\n\ 

i .51 

I 11 

.35 


71. f*0 

1 oa 

1 1 13 

1 

JA 


84 m 

1 94 

1 .50 

1 19 

.70 


84 m 

2 4.1 

1 .42 

! It 

.75 


77 05 


1 .28 

: -11 

.37 

. 

75. (K) 

' J.(‘5 


! ’1' 

.40 


7 ai 

i 

, 4 91 

1.76 

.54 

.80 


5) 12 

a 74 

i.ai 

29 

1.40 


fi 0(1 

0 52 

1.46 

. 55 

3 70 


9. 75 

1,28 

.40 

1.69 


id 45 

r> 8(^ 

3 11 1 

.40 

J 21 


7. (iO 

0 18 

1 tH) 

i 

1.30 


11 90 

G 24 

1 41 

.27 1 

1.5.5 


18 52 

0 ,57 i 

1.61 

,r) 1 

1 49 

. 

7. 71 

4 50 

1.15 

.716 1 

1.03 


7 52 

4.1Xi i 

1 go 

,5.3 j 

.90 

. 

8 s4 ; 

6.42 i 

1.31 

.41 1 

1.88 


* Dletrieli and KCinig: Zusainmonsetzung niid VerdauliohJcoit <lcr Futlormittel. 
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PERTIXiZZOra comstxtxtemts op peediko stxtpps ahd pabx 

PBODTTCTS— Continued. 


Materia,!. 

Water. 

Ash. 

Nitro- 

gen. 

Phoa* ! 
phorlc 
acid. 

Potaah. 

HAY AND IIHY COARHifi rODDEKS-ContillUOt!. 







Per cexit. 

Per ceil t. 

Per cent. 

Per cent. 

Per cent. 

Koiitueky hlu© grass (Poa prafensis) 

10.35 

4.18 

1.19 

0.40 

1.57 

Meadow fe.scue (P'cstuca pratmsis) 

8.89 

8.08 

.99 

.40 

2.10 

Tall meadow oat grass {l47Thcnath€rii}ii avma- 






ceiim) 

15. 3.1 

4.92 

1.10 

.32 

1.72 

Meadow foxtail 

15.35 

5.24 

1 51 

.44 

1.99 

Poroimial rye griiss 

9. 13 

6.79 

1.21 

.50 

1.55 

Italian rye gross 

8.71 


1.39 

.56 

t.27 

Japanese buckwhoot 

5 72 


1.0.3 

.85 

8.32 

Re‘d clover 

11.31 

0.93 

2 07 

.38 

2.20 

Mammoth red clover {TnjolturA vicdium > 

11.41 

8.72 

o 

.65 

1.22 

White clover 

1 



.62 

1.81 

Crimson clover ^ 

18 30 

7 7 '0 

2 05 

.40 ; 

1 81 

Aleiko clover 

9 91 

ll.il 

2 34 

.07 

2.23 

Alfalfa - 

C. 5.) 

7.07 

,2.19 


1.68 

Blue melilot {Mehlotns ccf'riih 

8 


1 92 

.54 

2,80 

Bokhara clover {Melilotus alba) 

7 43 

7-70 

1 98 

..50 

1,83 

Sainfoin ( 07 iob)T/chift s<tfn'a) 

' 12 IT 

« 05 

2 03 

.70 

2.02 

Sulla (Hedymruhi cm'onariinu) 

9. .'J9 


2. 40 

.45 

2.09 

Loius xnflofnts - 

; 31.. 52 

8 2; 

2 10 

.59 

1 81 

Soqaboan (whole iilant) 

! 0 30 

0 i’i 

.2.3.2 

.07 1 

1.08 

Sojaboan (straw) 

i 13 00 


J.75 

.401 

1.82 

Cowpea (whole plant) 

10 0“) 

8 40 

1 95 

.52 j 

1.47 

Scrradolla - -- 

7 39 

30 oo 

.2 b) 

.78 ! 

.65 

Ckittoii (whole plant) 

7 3(J 

5 81 

1.40 

.44 

1.82 

Oxeve daisy (Chri/i^anthrmvhi Icvauilhi'inutn)... 

9. 9.5 

(5 37 

.28 

.44 

1.25 

Dry carrot tops 

9 70 

1.2. 5.2 

3 13 

.01 

4.88 

Barley straw 

11.41 

«> iX) 

1.31 


2.09 

Baric y chaff - 

lt3 08 


1.01 

.27 

.90 

Wheat straw 

12. rS) 

3 si 

. 59 

.1^ 

.51 

Wlieat chaff 

8 05 

i 7 IS 1 

.79 

.70 

.42 

Rye straw 

7 (il 

’ 3 25 ; 

.40 

.28 

.79 

Out straw - 

9 (9 

4.70 

. (*.2 

.20 

1.24 

Buckwheat hulls 

11 90 

1 i 

.19 

.07 

.63 

ROOTS, iiuiJJs, rT(' ' 

1 





Potatoes 

79 24 

.89 

.32 

.12 

.40 

Red beets 

87 73 

; 1 13 

21 

.09 

.44 

Yellow fodder beets 

1 90 00 

.95 

.19 

.99 

.40 

Sugar lieets 

[ 80 95 

1.01 

Iw 

.10 

.48 

Mangcl-wurzels 

‘ 87,29 

1.22 

;i9 

.99 

.38 

Turnips 

89 49 

1 01 

.18 

.10 

.89 

Ruta*bagas 

89 13 

1 00 

.19 

.12 

.49 

Carrots 

89. 79 

9 22 

.15 

.99 

.61 

DRAINS AND OT’rlKU MUDS 

1 





Corn komols ‘ 

10 ss 

1 53 

1 82 

.70 

.40 

Sorghum seed - 

14. W) 


1 48 

.81 

.43 

Barley* ' 

14 ;jo 

2 48 

1.51 

.79 

.46 

Oats 

18 17 

2 98 

2.00 

.82 

.62 

WTioat (spring) - 

14 3,5 

1.57 

2 :io 

.70 

.89 

Wheat (winter) 

11 75 1 


2. :io 

.89 

.01 

Ryo-, - . 

14.90 ' 


1.70 

.82 

.54 

(.7onuiion millet. * - 

12 (fO i 


2 04 

.85 

.80 

Jax>auef-e millet 

rj os 


1 73 

.69 

.88 

Rice - 

12 CO 1 

.82 

1.08 

i .18 

.00 

Buckwheat 

14.10 ' 


1.44 

! .44 

.21 

Soja beans 

18 m i 

4 {»9 

ri, 30 

1.87 

1.99 

Cottonseed ! 

8 42 I 

3 7« 

3.13 

1.27 

1.17 

MIl.D PROD COTS. ; 






Corn meal 

12 95 

1.41 

1 58 

.03 

.40 

Corn and <*ob meal 

8.90 


1 41 

.67 

.47 

Ground oats 

11.37 

8 37 

1 1.80 

,77 

.69 

Ground baidey 

13.43 

2 00 

1 55 

.m 

.84 


14.20 


' 1.08 


.66 

Wheat Hour 

9. Mil 

1 22 

2 21 

.67 

.54 

Pea meal - 

8.8.1 

2 08 

3! 08 

.82 

.90 

BY-PRODUCTS AND WASTE MATERIALS. 






Oorncol>s 

32 09 

.82 

.50 

.00 

.60 

Hominy feed - - 

8.93 

2.21 

1 03 

.98 

.49 

Gluten meal 

8.69 

,73 

,5.03 

.38 

.06 

Starch food (glucose refuse) 

8,10 


2.02 

.29 

.16 


J Dietrich ami Ki‘»nig. 
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FEBXXUZma constituents of feeding BTU3ETS AND FABK 

• FEODUCTS — Continued. 


Matorial. 


BY-FRODUCTK and WASTI! MATKIUALH- coutM. 


Malt flprotttfil 

Bi’OWers’ grains (dry) 

Brewers’ grains (wet> 

Rye bran 

1^0 middlings * 

Wheat bran 

Wheat mlddling.s 

Rico bran 

Rice polish 

r*^»tton‘ 8 oc(l meal 

(’otton-seed biillfl 

Linseed meal ( old prt>oess ) . , . . 
Linsood meal (nesv process) — 

Peunut-cuko meal 

Apple pomace 

A'nonTAiu.iN 

Artichokes 

Aspanigns steins 

Beaus, ad znki .. 

Beets, red 

(’ablNtges 

Carrots 

( 'auliflc.woT 

Cborogi tubers 

(Mcuni lK*rR 

Horse-radish root 

Kohl rabi 

IjOttueo, whole jtlant 

Onions 

Parsnips 

Peas : 

liarden 

Small { [ .itfhiirn^ ,iit{ ivwy ' 

Pumpkins, whole frnit 

Uhnbarl) : 

Roots 

Stene; and leave < - 

Rnta-buKiis 

Spinach 

Sweet corn : 

C(*l»s 

HnskM 

Kernels 

Stalks 

Bwoi't p<»tatoes : 

TvrK'i’.s.,. 

Vines 

Tomatoes : 

FrniU 

Roots 

Vinos 

Turnix^a 


who]*' jiliait 


FIUHTn AM) NTT'^. 

Apple loaros ; 

(’olleeted in May 

Collooted in Sejitember 

Apples, fruit 

Apple trees (young): 

Branohes 

Roots 

Trunks . 

VTliolo idftiit 

Apricots, fresh 

Blackljerrles 

Blueberries 

Cherries, fruit 

Cliorry trees (young): 

Branches 

Boots 

Trunks 

Cliina berries 

Cratibcrries : 

Fruit 

Vines 


Water. 

Ash. 

Nitro- 

gen. 

Phos- 

phoric 

acid. 

Potash* 

Per pen t 

Pir ppnt. 

Per cent. 

Per cent. 

Per cent. 

IS ;18 

12. 4H 

3. 5.5 

1.43 

1.63 

0 U 

3.92 

3 02 

1.03 

.09 

75. (»1 


.89 

.31 

.05 

rtf) 

4. 00 

2.32 

2 28 

1.40 

12. M 

3.52 

1.84 

1.20 

.81 

11. U 

0. 25 

2 07 

2.89 

1 61 

9 IS 

2.ii0 

2 . 0 ;) 

.95 

.63 

10 2fJ 

12 94 

.71 

.29 

.24 

10 30 

9,00 

1 97 

2.67 

.71 

7. HI 

0.95 

0.39 

2.88 

. 87 

10 17 

2 40 

.09 

.05 

1.00 

H HH 

(i OS 

5 43 

1.66 

1.87 

7. 77 

n 37 

5 78 

1.83 

1.39 

10 10 

3 ‘>7 

7 50 

1 81 

1.60 

W) .-.() 

. 27 

23) 

.03 

.13 

P1,.V> 

99 

30 

.17 

.48 


. ()7 

.29 

.08 

.29 

i.') Hi 

3 53 

3 2ft 

.95 

1.61 

HS 17 

1 04 

.24 

f .00 

» .44 

!♦<) 

1.40 

.;ts 

« 11 

> .43 

HS 50 

1 (ti 

.10 

09 

.51 

!»o yj 

.SI 

.13 

.10 

.36 

7'' 1M> 

3 m 

1 1)2 

19 

.64 

b.') IH) 

. to 

.10 

.12 

.24 

30 tW 

1 S| 


.07 

1.16 

to OS 

1 23 

.<48 

.27 

.43 

03 OS 

1 (.1 

. 2:1 

a .07 

» .37 

h; m 

57 

.1-1 

.04 

.10 

HO 

1 03 

22 

.19 

.62 

12 02 

3 11 

3 5S 

.84 

1 01 

.*> H» 

5 9t 

2 53 

.59 

1.90 

tt? 2* 

o:i 

3 11 

» .16 

* .09 

71 3.) 

2 2S 1 

1 

1 . :5.5 

.06 ' 

.53 

01 07 

1 :.i ! 


.02 

.36 

Hs 01 

1 15 i 

1 .19 

.12 

.49 

02 12 1 

1 94 

1 -19 

.16 

,27 

H.'i 10 ! 

5ft 

! 

.21 

.05 

.22 

HO 10 { 


.is 

.07 

.22 

H2 It I 

1 .5(i 

.40 

.07 

.04 

HO Ni 1 

1 i 25 

.28 

.14 

.41 

; 1 w 

' 95 

1 .23 

.10 

.50 

Ni 00 

2 45 

* .42 

' .07 

.73 

01 OJ 

' 47 

! 

j .10 

,05 

,27 

3.1 01 

1 11. 72 

* 2t 

.06 

,29 

K1 (51 

.3 (H» 

1 ..32 

.07 

.60 

w to 

.HO 


.10 

.39 

72 .10 1 

2 ill 

I .74 

.25 

.26 

00 71 1 

3. 4«i 

1 .Hft 

.19 

.39 

H").30 I 

1 

.13 

I 

.01 

,10 

; M GO 

i 05 


(Vi 

.04 

' 01.70 

1.5ft 


.11 

.00 

r»i TO 

1.17 


.06 

.06 

«M h:i 


i .35 

.05 

.17 

H."» 10 

.49 

i . 19 

.06 

.29 

HS 01 

.58 

1 .15 

.09 

.20 

H2 <;(♦ 

10 

' .14 

.(15 

.05 

Hi, 10 

1 

7»H 

i 

» 06 

*.30 

39 .*>0 

' 7S 


.05 

.06 

07 20 

1*2: 


.08 

.07 

20 

SI 

1 

.(d 

.06 

10 .\2 

4 13 

; i.ift 

.43 

2.33 

H9. 50 

.18 

! 

{ .03 

.09 



2.45 

i 

1 .27 

.32 


* Pietrieh and Kdnig. 


WollT. 
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PE&TILIZZIirO OOETBTSTTTBKTS OP PEEDXKO STUPPS AWS PA&H 
PB.ODUCTS— Contiuaed. 


Matcriul. 

Water. 

Ash. 

Nitro- 

gen. 

Phos- 

phoric 

acid. 

Potash. 

T'la^iTs Axi> T,-; -rontiiiiiLMl 







Per rent 

Per ceuf. 

Per cent. 

Per cent. 

Pcj* cent. 

fhipi’antq * 

8t> (i!l 

0. 51 


0.11 

0.27 

Grrapos, fruitn, ircsb 

83 (K) 

.50 

U.IG 

.00 

.27 



2.07 


.42 

.67 

Tieijioii-5 - — 

s:; 

. 5f5 

15 

.00 

.27 


7)1 {If) 

.50 

.12 



Olives : 






bVuifc - 

58 W 

1.42 

.18 

12 

.86 

Tjiuvo.s - . 

4t: ‘10 

2.51 

.01 

.20 

.76 

Wood of larp'r 

1 1 .V) 

.IH 

.88 

.11 

.18 

\V t)od of tmall branclic*!.'! 

18 75 

.90 

.80 

.12 

.30 







(.^'ilifoniia 

S5 21 

. 43 

,19 

.05 

.21 


87 71 


.12 

,os 

.48 

Poach os : 






Kruit. - 

87 85 

.32 


.05 

.24 

Wood, of ■branches 

5H tin 

1 03 

.00 

22 

.50 

Pears, fruit 

S3 02 

.54 

.09 

.03 

.08 

Pear trees (young): 







Kl (X) 

.70 


.04 

.08 

Hoots - - 

015.70 

1 40 


.07 

.11 


40 :k) 

1 71 


.07 

.33 

Plums - 

47 43 

.fd 

.18 

.03 

.24 

Prunes 

77 iiH 

.40 

.10 

.07 

.81 

Ras-pborries 

hi. 8)3 

. 55 

.15 

.48 

.85 

Strawberries : 






Fruit 

m 81 

.60 

.15 

.11 

.80 

Vines i 


3 :u 


.48 

.85 

OheHtnuta, 2 iati\ v5 

io.co 

1.62 

1. is 

.30 

.63 

Peanuts: 






Tiulls 1 

10 GO 

3. 00 

1 11 

.17 

95 

Kernols ' 

(5 

' 3 20 

4., 51 

1 S4 

1.S7 

Vines (curctl ) 

7.83 

15. 70 

1. 76 

.20 

.08 

DAlltY rR<»l)T'C TS. 






Whole milk 

87 m 

.75 

,«)3 

,10 

.18 

Skim milk 

1X1 25 I 

.80 

.56 

.30 

.19 

( 'ream 

74 (r> : 

..50 

.40 

.15 

.13 

Buitonmlk 

M 50 ! 

.70 

,48 

.17 

.10 

Whey 

0 2 07 

.<») 

.15 

.14 

.18 

Butter 

79.10 i 

.15 

.12 

.04 

.4H 

Cheebc 

33.25 

2.10 

3.03 

.60 

.12 

W^lODS. 






Ash, wood 

lo.rxi 

.32 


.012 

.149 

Chestnut: 



1 



Bark 

10 00 

3 51 


.114 

.278 

VToor] 

1 lit 00 

.10 


.011 

.020 

Dogwood : 



1 ! 



Bark 

10 00 ' 

9.87 


140 

.341 

Wood 

> 10 00 

.08 

1 

.057 

.100 

Hickory : i 

Bark 1 

10 00 

3 07 


.061 

.141 

Wood 1 

10. (X) 

.48 


.058 

.138 

Magnolia : 






Bark 

10 no 

1 2.08 


.005 

.102 

Wood ! 

10 00 

. 36 

1 

.032 i 

.071 

Maple, bark 

10 00 

0 40 

1 

.421 

1.107 

Oak: 






Leaves, mixed ' 


4.70 




Post, bark 

10 ( V) 

12 10 


.110 

.249 

I*ost, wood 

10. (X) 

. 77 


.070 

.100 

Red, bark 

10 (X) 

0.20 


• .103 

.170 

Red, wood 

10 00 

.57 


.060 

.140 

White, hark 

10 <10 

5.05 


.074 

.125 

White, wood 

10 00 

.20 


.025 

.106 

Pino: 






Burr - 


1.00 




(.Tcorgia, bark 

10 (K) 

.37 


.013 

.024 

Georgia, wood 

10 <N) 

. 3.1 


.012 

.050 

OM field, bark 

JO. 00 

1 . 14 


.005 

.077 

Old field, wood 

10 (X) 

.hS 


.007 

.(X« 

Straw, mixed 


1 . 0.5 




Yellow, wood 

10 00 

.23 


.010 



* Black, woixl 

10.00 

.21 


.m 

.080 

Bycamoi’c, wood 

10.00 



.121 

.280 
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FEKTILIZING CONSTITUENTS CONTAINED IN A CHOP OF COTTON 
^ YIELDINO 100 POUNDS OF LINT PEE ACHE. 


[Pounds i>er ar*ro ] 


Material. 

Nitro- 

gen. 

Phos- 

phoric 

acid. 

i Pt)tn.sh. 1 

1 ! 

Lime. | 

Mag- 

nesia, 

Roots (851 pounds) - - 

Stems (219 pounds) 

0. 76 

0 4.3 

1 06 

0. .53 1 

0.34 

5120 

1.2S) 

51.09 

2.13 

Ml 

t»eaves (lO.J pounds) 

6.16 

3 28 

3.46 

8 .53 1 

1.67 

Bolls (KJ5 ]»ounds) 

3 41 


2 U 

.69 

,54 

>Seod CMHpouudH) 

Lint ( Jlk) p<nindt-) 

6 83 

2. 77 

2. nr, 

..55 

1 20 

.514 

.10 

. 46 

.10 


Total rroj) ( ’17 p-iunds ' i 

2n :j 

8 17 ' 

1 06 ' 

' 12 60 

___ - 

: 1 75 


ANALYSES OF FERTILIZERS. 




lAtv 1 nWTILlI'.IIIlS I 

of soda 

Suloijalo of uiiuno'iia 


Dried ‘ - 

(’out -‘ntraU'tl taiikaJix* 

'i’ankaf;!' 

Driiul iish ^rrap 

< \itttni moal 

Ca'-lor poiniK <* 

2. Supjdvini? 1 1-1 ul. 

South Carolina ro<*k phos- 
phate 

Si'xifch (■'arohnii nx'ksupci- 
iihosphato < d isM»lr(*(l 
South Car<Aiua Vi ok plios- 

jplmte) 

Florida hind rcx'k i)h<»si)liatu. 
Florida pehhlo idiospliat*' . 
Florida Kiim'rp)i<»'si)ludo( di v 
«oh t'd Florida phosplialt ) . 

TJoix'blark 

I no! >la< *k su ^ >orp Jn > - j )li ate 

(dissolved boueblaek ( 

(1 round Ikuio 

Stoamod bono 

Dissolved bone 

Thonins slaur 


Ni 

j Avuil.i- ! histdu- 
t-ouen ‘hlopj'os T.p j,h,,s 
, pjjoric 1 phone 
! acid 1 acid. 

Total 

pho-]>ljorio 

acid. 

1 

Potash, ’(liioiii'o. 

1 

Pt'rrcni. "'t r rrnf. 

i 

7V 

r. :» 

rr uf. /'• rernf ‘ /*• rrrni 
1o Pi 

Per cent 

IS 

to 20 n 



12 

toU 1 ' 



do 

toll 1 ’ 1 

3 to 6 

i 

11 


1 to 2 ■ 

1 


to 6 ! ' 

11 to 14 

1 

1 y 


6 to 8 

1 

6 5 


1 5to 2 

3 to 3 1 

* 5 

to 6 • 

1 to 1.5 

1 to 15 ' 

1 

1 .. 

i i 

' 20to28 

! 26 to 38 

! 

I 


1 


12tol5 


Ito 3 
lHUoSS 


utoir, } Ito 4 
;5:ito3(i 


t’ r. to 4. 5 
1 5 to 5 
li to 3 


15 to 17 
5to 8 
6to U 
13 to 15 


Ito 2 
15 to 17 
IdtoiJt) 
2 to 3 


Supplying* pntusli: 
Murjatooi ' 


J pi>ta^li 

Sulidiato or potadi (lui^li ; 

f^rade) ' 

Sulphate of pota di and inajr- | 

nosia 

Kaiiiit o 

Sylvinlto -- - 

Cotton hull aslie;->- 

“VVoml aslioH ( unl(»Hehe4l>^ 

Wo*’)d ashes (loaelii.d)= 

Tobacco stems 


13 to 16 
33 to 35 
26 to 33 

36 to 20 
aj to36 

17 to 18 
20 to3:> 
22 to 20 
15 to 17 
U1.4toS3 


I 


FAUM MA'^rur: 

Cattle rxerom^'ut (s did , fresh) . 

Cattle urine ( fri‘sh ) - 

lieu manure i,fr4‘sh ) 

Horse exoroineut (wolaij 

Horse urine (fresh) 

Human excrement (solid ) 

Human urine 

Pigeon manure (dry) 

Sheep excrement (solid, fresh) . 

Sheep urine (fmsli) 

Swine excrement (solid, fr-'sh) . 

Swine urine (fresh) 

Barnyard manure (aA erage) — 


to 3 


.20 
58 
1 Id 
.U 
1 55 
1.00 
.00 
3 20 
.55 
l.»5 
.00 
.41 
.49 


50 

'48 to 5S 

1:36 to 30 
-12 to 12, 5 
-ilO to 20 
20ta80 
2to 8 
Ito 2 
5to 8 


.10 
.49 
..56 
.35 
1.50 
,2.5 
.20 
3.00 
. 15 
2 26 
.13 
.83 
.43 


45 to 48 

.r.to 1.5 

3 5 to 2.5 
i30 to a2 
43 to 4S 


* In good Thomas rdag at least 80 ix?r cont of the phosplK»rie acicl should bo siduble in ammonium * 
citrate, that K available. 

* Cotton'hull ashes contain about 10 per cent of lime, unleached wood ashes 30 to 35 per C'mt, 
and leached wood ashoa 85 to 40 per cent. 
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BABKYA&D UAMHKE. 

Barnyard manure contains all the fertilizing elements required by plants in 
forms that insure plentiful crops and permanent fertility to the soil. It not only 
enriches the soil with the nitrogen, phosphoric acid, and i)otash, which it contains, 
but it also renders the stored-up materials of the soil more available, improves the 
mechanical condition of the soil, makes it warmer, and enables it to retain more 
moisture or to draw it up from below. 

On the basis of the prices charged for commercial fertilizers, the fertilizing value 
of the manure produced by the farm animals of the United States last year was 
upward of $2,000,000,000. The average of each liorso is estimated at $27, for each 
head of cattle §19, for each hog $12, and for each sheep $2. 


Amount and v>alue of man urc produced ht/ different farm animals. 


/ [New York Cornell Experiment Stfition ] 


7' 

/ 

/' 

— V 

Slicop. . 

CalvA - 
?<<<».. . 

X OW8 . . 

Hophos . 


Animal 


Per 1,000 i>oundM of liv 

0 weight. 

Value of 

Amount 

1 Vulno per | 

Vahu' per 

manure 
per ton. 

per d.iy. 

clay. > 1 

year. ^ 

Pffunds. 
O'! 1 

Tf ?(/.’? ^ j 

8 

8 

$3 30 

(57.8 

0 ! 

::4. 45 

2,18 

m. (’i 

10.7 1 

00 h8 

2?) 

74.1 

8 0 I 

iii) ;]7 

2.02 

8 

7,0 ' 

27.74 

2 21 




I 


^ Valuing nitrogen at I.') (oiits. jihonphoric A<‘id at (ioent*-!, anti potir-li at ti eejils jut pound. 


Barnyard manure is a very variable substance, its composition and value depend- 
ing principally upon ( 1 ) ago and kind of animal ; (2) 'quantity and tjuality of food ; 
(8 ) proportion of litter ; and, (4) metliod of management and ago of manure. 

Mature animals, neither gaining nor losing weight, excrete ju'actically all the 
fertilizing constituents consumed in the food. Growing animals and milch cows 
excrete from 50 to 75 per cent of tho fertilizing constituents of the food ; fattening 
or working animals from 90 to 95 per cent. As regards tho fertilizing value of 
etjual weights of manure in its normal condition, farm animals i>robal)ly stand in 
the following order: Poultry, sheep, pigs, horses, cows. 

Tho amounts of fertilizing constituents in the manure stand in direct relaiion 
to those in the food. As regards the value of manure produced, tho conccutratod 
feeding stntfs, such as meat scrai), cotton-seed meal, linseed meal, and wheat hrai^ 
stand iirst, tho legnmiuons ])lants (clover, ]»oas, etc*.) .second, the grasses third, 
cereals (oats, com, etc.) fourth, and root crops, such as turnips, bcot,s, and mangel- 
wnrzeLs, last. 

Barnyard manure is a matfTial which rapidly undergoes change. When it is 
practical to liaul tho manure from the stalls and i>on and spread it on the field at 
frequent intervals the losses of valuable constituents need not be very ^eat, but 
when (as in winter) tho manure must be stored for some time thoTliiflciilties of 
lin'servatioii become greatly increased. 

Tho deterioration of iiianiiro results from two chief causes : (1 ) fermentation and 
( 2 ) weathering or leaching. The loss from destructive fermentation may bo almost 
entirely prevented by the^ use of proper absorbents and preservatives, such as 
superphosphate and "kainitf*, and esj^ccially by keeping the manure moist and 
exchiding the air. 

Amoinifs of different })rcserraiirci{ to he usf d per head dailtp 


Presorvativo. 


Siipcrphospliatt^ 

Gypsum 

Kamite 


Por IkU’so, 
1,000 
pounds’ 
weight. 1 

^ 1 
Por cow, 1 

880 pounds’ 
weight. 

Lhs. 0x8. 

Lhs. Ozs. 

1 0 

1 2 

1 0 

1 12 

1 2 

1 5 


Per pig, 
:'i20 pounds’ 
weight. 


Ounces. 




Per slie^, 
110 pounds’ 
weight. 


Ounces. 
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If kainitels nseil it should be applied to the fresh manure and covered with litter 
so thayt does not come in contact with the feet of the animals. All preservatives 
are uxot© effective if applied before decomposition sets in. 

Loss from leaching may be prevented by storage under cover or in juts. Extremes 
of moisture and temperature are to be avoided, and uniform and moderate fermen- 
tation is the object to be sought. To this end, it is advisable to mix tho manure 
from the different animals thoroughly in tho heap, and keep the mass compact. 

Barnyard manure is justly held in high esteem as a general fertilizer, but it has 
a forcing effect when fresh, and is thcreforo bettor suited to grass(js and forage 
I)lants than to plants grown for seed, such as cereals. Direct ai)plications, es]^- 
cially to root crops, such as sugar beets, potatoes, or tobacco, often prove injurious. 
This result can, as a rule, bo avoided by applying tho manure some months before 
the planting of the crop or by using only well-rotted manure. 

Barnyard manure is not apjdied to fruit trees with tho same good rosiilts that 
attend its use in tho case of field crops, garden truck, etc. It does not stimulate 
fruiting to the same extent as do tlio mineral fertilizers. Its tendency is to produce 
a large growth, but a pour quality, of fruit. Oranges, in particular, become coarse, 
thick skinned, and sour under its influence. 

As a rule, the best results are likel 5 '’to be oldahi^vl Ijv using coiuiiicrcial fertilizing 
materials in connection with barnyard inauurc, either in coinpo.st or .separately. 

METHODS OF CONTBOLLING INJURIOUS INSECTS. 

[Thf' fmeoios marked witli .an asU’risk ( i have p:aiiit*d mitrain'c into Aiut^rica from f oreippi couu- 
trifs and ropresoiit twority-ci^^ht out of tho sixty-thrco libtod. Tho rvngiu of those 

procodod •with tni intorrogatiou pomt is m doubt J 

KEMi:i>IKS TOR IMPORTANT INMUTS. 

ANUori^tois auAix moth ( SHolrodi c cnralclla Oli v. ) . Prompt thrashing of grain 
after liarvesting; bisulphide of carbon in bins and granaries; slorage in bulk. 
Applr-i.eaf SKEI.KTONIZKR {Cau'irJu licimhiondi Riley) . Spraying with arsenic- 
als (paris green and londou purple) in June; hand piclving of leaves with larva\ 
?AprLi>ROi)T PLANT Lousu, (Schizoiicuni lauigtra llausm. ). Kerosene emulsion 
under and above ground; scalding water poured freely about roots; bisulphide 
of ctirbon under ground about roots: powdered tobacco or ashes incorporated 
in the soil, 

Api’LK-tuer noRKR. Flat-hevdej) (Chrysohitfhi is femoraia Fab.). Painting 
trunk and larger branches in Juno with strong so.!}) solution, wasliing soda, or 
mixture of whitewash and paris green. 

?Akmy worm {Li uatnui tniipinwUi Haw.b Burning ov<*r fields in winter; ditch- 
ing; i)aris green. 

'^Asparagus hektle, (’ommon {CvioecrU aspanuji Linn.). Pruiniit marketing 
of all canes; trap plants; dusting with lime or arsenical mixtures; jamnglarvjc 
to ground on hot days, especially if soil he sandy. 

^Bisan weevil, Common {liniciniH ob/cc/as- Say). Treating witli bibulidiido of 
carbon in air-tight V(*s.sels. 

^BlacTv scale Barn.). Kert»seiio <‘niulsion on young scale or 

treatment with hydrocyanic acid ga.s. 

BlistePv REKTLE.S {p7piv<uft(( x'Hfutit Fill),, h\ citt( rid Lee., F. p< nnsj/lmnim DeG., 
Afacroliasis iDticolitr Kb.). Arsenicals, I pound to 100 gallons of water. 

Bo IJ )RM. ( Srr Corn car worm. ) 

Buffalo ONAT jKCUitruw Rih-y). Smudge'^: oil, grease, rtc*., ai)i>liod 

to stock. 

^Cabraoe buo, HAULi":QrTN {Mniydniid Jiisf) idtiiat Hahn). Spring collecting 
from trap mustard; hand lucking. 

*Cabiiaoe worms (Pirns ritjutiSch,, Phifclla cntcit'rranm 'ZaW,. Plusia brassiccR 
Riley). Pyrethrum; kerosene eiiiulsion; paris green, dry, with Hour or lime — 

1 part of the poison in TjO to 100 of the diluent. 

Cankehworm, Spring (l^tledcvita xynuita Pock). Arsenical inixtureH in spray; 

trapping female moth in oil troughs or tar bauds about trunks of 1roe.s. 

^Carpet beetj.e, or “Buffalo moth” {Anihremts scrojihularicv L.). Benzine; 

hot ironing of carpets over damp cloth; killing by steam. 

Chinch bug (BUssm kiiropierus Hay). Burning wild grass land and all rubbish 
in early winter; keroKsene emulsion; contagious disease; trap crops; ditching. 

? Clothes moth, Southern (Tinea bisenklla limn.). Brushing and airing; ben- 
zine; naphthalene; packing in bags of pajier or cotton cloth; cold storage. ^ 
^^CocKROAOfi, German; Croton hug (Phyllodromia qermaulm L.). Pyrethrum 
or buhach; bisulphide of carbon in tight i*ooiiis or coinpartmonls away from fire. 
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* Cooling moth; Apple worm (Carpocapmi pouwnella Linn,). Ai*seiiicals; first 
application as soon as blossoms fall; second, ono or two weeks later, Just befcare 
the fruit turns down on the stem; trappinf? larvte by api)lying Imnds lo the 
tree; prompt destruction of infested fallen fruit. 

* Cotton woPvM (Aleiia x7jUua Say). Paris green dusted on as dry powder. 

Corn root worm {Diabrotica longicornis Say) . Eotation of corn with <mts or 
' ^ other crop. ^ 

^ Corn stauc borer, Larger ( Diafreva mccharaliit F. ) . Plowdng under or burn- 
ing stubble. 

?Corn ear WORM; Bollworm (HcUoihis armitjer Hbn.). Late fall plowing; 
. poisoned baits; for cotton, planting corn as trap crop. 

''•’Currant worm, Imported (Nemuttts ribesii Scop.). Hellebore, 1 ounce to 3 
gallons water, in spray. 

CuoiTMBER BEETLE, STRIPED {Dkihroiica vittotu Fill),). Protecting young plants 
with netting; arsenicals. 

CuTW'ORMS (Agrotis, Loncania. Maraestra. Hadena, Kephelodoo, etc.) Distribu- 
tion of poisoned green bait; late fall plowing; burning waste tracts and rubbish. 
'•'Elm leaf jjEETi/e, Imported {(Joleviica Ititeola Miill.). Arsenicals, 1 pound, to 
100 gallons water, as soon as Iwetles appear and later for larvee. 

Fj.ea beetle, Striped {Pliijlloinid ritfata Fab.). Kerosene emulsion: arsenicals. 
"•^Fluted scale {Jeerya piirehmi Mask.). Introduction of its ladybird enemy, 
Koi^ius cardinalis; hydrocyanic acid gas treatment; soap, 1 pound to gallons 
hot water. 

Fruit bark beetle {Reohjht^, rvf/nloftu^ Rr* tz. ) . Burning traj) trees and inf ted 
trees at any time, but preferably in winter. 

^O-RAiN WEEV3J.S [(Jahindvu granavia Linn., C. onjza Linn.). liisiilplnde of car- 
bon in bins and granaries; Htorago in large bulk. 

Grape phylloxera {PlnjlJoxcni raatatrix Planch.). Submersion; bisulphide of 
carbon, kerosene emulsion, or resin compound about roots; use of I'esistiint 
stocks. * 

Grapevine leaf iiocper (fJrylJu'onrhra rilU Han*.). Spraying with kerosene 
emulsion in early morning; catching on tarred shield; cleaning up all leaves and 
rubbish in fall. ► 

* Gypsy moth {Ocncria L.). Spraying with arsenicals; hand collecting of 

cocoons and eggs; oiling egg masses; trapping larvie. 

*Hessian fly {Ceclihmyia dcslractor Say). Lato planting; seloction of wheat 
less subject to attack; rolling; pasturing to shoop; rotation of crops, 

’^Hop pr.ANT ixirsE {PhorodoD hnmuU Sclir.). Destroying all wild plum tre<^s in 
vicinity; si)raying others in fall or sjuing with strong" kerosene emulsion; spray- 
ing vines with kerosene emulsion or lish-oil soap; destroying vines after hops 
are picked. i 

*Horn fly {TIcemaiohid fierrata R.-D.). Application of strong-smelling greases 
and oils to cattle, or of lime or x)laster to dxmg. 

Locu.st, California devastating (Melanojdus detxisfaior Scudd.). Pois<mcd 
bait of bran, sugar, and arsenic. 

Locust, Lesser mi(}Ratory {Mdannplas ailauui Riley). {See. Rocky Mountain 
locust. ) 

Locust, Red-legged (Melanoplns faiun'-ruhrvm DoG.) (>SVc Rocky Mountain 
locust.) 

Locust. Rocky Moxt^jtain {Melanophis uprctus Thos.). Catching with hopper- 
dozers; ditching; bnrHing; rolling; plowing nnder of eggs. 

Ox BOT {Hypoderma llneuta Vill. ) . Strong-smelling fats and oils applied to cattle. 

* Oyster-shell bark louse* ( Myt iJaspis pomornm Bouche) . Kerosene emulsion; 
strong soap or alkali washes. 

Peach-tree borer {Santrma c.ritiosa Say). Cutting out the larva^ or scalding 
them with hot water in late autumn or early spring; painting trunk with arsen- 
icals in thick whitewash; wrapping trunk with grass, paper, etc. 

*Pear-tree psylla {Psylla pyricokt Forst. ) . Kerosene emulsion; First, a winter 
application diluted seven times; second, in spring as soon as leaves are unfolded, 
diluted nine “times. 

Pear-tree slug (Eriocampa cerasi Peck.). Hellebore, 1 ounce to 2 gallons water 
in a spray; whale-oil soap, 12 pounds to 50 gallons water; arsenicals. 

* Pea weevil ( Enich vs pisoriim Linn. ) . Keojmig seed over to second year ; bisul- 
phide of carbon in tight vessels. 

Plum curculio ( Conotrach ehis nenuphar Merbst ) . Arsenical spray: First, before 
^ the bloom appears or as soon as foliage starts; second, immediately after blos- 
soms fall; third, a week or ten days after the last; collection of adults from 
trees by jarring. 
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Potato B®JiSTLas, Coloeapo {I>07^jiltora deccmllncaia Say). Arsenicals, 1 pound 
to 1^0 gallons of water. 

-PtTEPX^EJ fiOALE OF THE OEANOE {MyUlaspia cAtrivola Pack.). Kerosene omul- 
sion, a|>pliecl immediately after appearance of new krood. 

Rkjb WATr.R wkf.viIj (Llsmyi'lioptnis siniplc.r Baj’). Draining, 

Eose chafer {Macrodaci ulus sifhsjnnosus Fak.). Planting spirfoas, etc., as trap 
plants, and collecting beetles in S];^cial pans; arsenicals; bagging grapes, 

'•San Jose rcalf4 (Aspidiotus pcriifciosHH Comst.). Soap wash (y i)oimds to the 
gallon) as soon m leaves fall in antiimn; in warm, dry climate, winter resin wasli. 
^sScREW vroRM {(^owps(mujki mavdlaria Fab,). Prompt bnrning or burying of 
dead animals ; smearing wounds with fish oil; washing with carbolic acid. 
SQUAf^H noRER (Mcuitia Wc^stw.). Planting early summer squashes to be 
'dostroyod; late planting of main crop; destruction of all vines attacked as soon 
as croi) cmi be gathered; collectiiig moths. 

B^^UAf'H nuu {AniisairhiisJ^Q G.). Early burning of vines and all rubbish in 
fall; biweekly colloction of eggs. 

BTR;*vwr.EiiiiY WEEVIL {A '.ilhoiiounis sujnafm Say). Trap crops; protecting beds 
with cloth covering; using staminato varieties as fertilizers only and as few 
plants of tlio former as iiecissary; si»raying with park green and bordeaux 
mixture. 

‘^Sf:(L\i:-<^AX^: bouer (Dialrcra snoclnmiJis Fab.). Burning trash and laying 
down seed cano under ground. 

WEBAVOivii. Fall {llyplunth-ia vmica Dr.). Prompt removal and destruction of 
webs and larva'; arsenical spraying. 

Wheat isosoaia (Lsoyowa (jrunde Eiley). Burning stubble; rotation of crops. 

^ Wheat bl vyt lofse {SijAioiKtphora a voice Fab.). Rotation of crops. 

White Ciiirr.; June beetle ( f,(fchnoido mtBi > p »), Luring tho beetles by lights 
over tubs into water with skim of kerosene. Against larvje: Kerosene emul- 
sion: liberal use of iiotash fertilizers; collecting alier the xdow. 

WiUEWouMs {Dt^asilo'ius vlcg^dis Fi\h,,Mchi)iolus fimsllis Bay, ami Agi'iotcs Bpp,), 
Fall plowing; i)oisunt:d baits; rotation of crops. 

PREPABATION AND USE OF INSECTICIDES. 

Arskntoals; Parts green, Bcheele’s green, and London burplk.— Those 
t}ir <'0 arsenicals practically lake the place of all other insecticides for biting and 
gnawing insects living (u* feeding on the exterior of jdants. 

Paris ^recii is a very iiue crystaJliiie po\vd(»r, composed of .'irsenicL copper, and 
acetic acid, and costs fvboiit 5?0 cenis a pound. 

Bcheolc's green is very similar to ])aris green in color, and differs from it only in 
lacking acetic acid. In other words, it is a simple arsenito of copper. It is a 
much finer i)owdcr than paris green, and is th('refore more easily kept in Rusx)en- 
sion, and has tho avidilional advanttige of costing only about one-half as much per 
pound. It is used in the same way and at tho same strength as paris green or 
london purjdo. 

London puride is a waste product in the manufacture of auilinci dyes, and con- 
tains a number of Bubstaiicos, chief of Avhich aro arsenic and lime. It is not as 
ofiCectivo as the green poisons, ,*ind k apt to scald foliage unless mixed with liino. 
It costs about 10 couts a lumiid. 

Either of thest) arsenicals may bo used as follows: 

2V/C nrt weihod . — Make into a thin i^aint in a small quantity of water, adding 
powdered or quick lime eciual to the amount of poison used. Strain the mixture 
into the spray tank. Ubo either pToison at tho rate of a pound of dry powder in 
from 100 to 200 gallons of water. The stronger mixtures are for resistant foliage, 
such ns that of tho potato, and the weakoi' for sensitive foliage, such us that of the 
poach and plum. 

The di^y viethcxL — It is ordinarily advisable to use tho i>okon in tho fona of a 
spray, but in tho case of cotton and somo.othor low crops it may be dusted on the 
mants. Make tho application preferably in early morning or late evening, when 
tlie dew is on, to enable the poison to better adhere to the plant. In cotton 
fields tbepowdor is usually dusted over tho plants from bags fastened to each end of 
a polo, which is carried on liorso or mule back. Tlio motion of the animal k sufil- 
eient to cause the distribution over the foliage. Garden vegetables may be dusted 
by hand from bags or powder bellows. For vegetables which are soon to be used 
as food, mix the poison with 100 times its weight of flour or lime, and apply^ 
merely enough to show evenly over the surface. 

When to s/jray.-— Bpray for tho codling motb very soon after the blossoms fall 
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and again a week or two later, just before the fruit turns down on the stem* This 
treatment reaches at the same time other leaf-eating insects* < 

For the curculio, spray as soon as the foliage is well started and again at the 
time of the exposure of the young fruit by the falling of the blossoms, and a 
third time a week later, particularly if rains have intervened after the last treat* 
ment. 

For leaf-feeding insects, spray at the earliest indication of injury, and repeat as 
often as necessary. 

Fruit trees should never loe sprayed when in bloom, on account of the liability 
of poisoning honeybees or other insects useful as cross fertilizers. 

Arsenate of lead.— This arsenical has advantages over paris green, in that it 
has the merit of showing on the leaves, indicating at once which have been sprayed; 
remains much luoro easily suspended in water, and may bo used in largo propor- 
tions without danger to foliage. The insecticide results are not better, however, 
than in the case of paris green; but for sensitive foliage, or where no risk of scald- 
ing may bo taken, it will provo useful. 

It is prepared by combining, approximately, 3 parts arsenal e of soda with 7 parts 
acetate of lead. From 1 to 10 pounds arsenate of lead are used with 150 gallons 
of water, 2 quarts of glucose being added to cause it to adhere better to the leaves. 
From 2 to 5 pounds will answer for most larva?. The arsenate of load costs 7 cents 
a pound wholesale, and glucose $16 a harrel. 

Arsenic bait. — It is hot always practicable to apply ]|)oison directly to plants, 
and in such cases the use of poison bait is valuable, particularly for cutworms, 
wiveworms, and grasshoppers or locusts. 

Bran-arscuic 7)a/7.— This is made by combining 1 part by weight of white arsenic, 
1 of sugar, and 0 of bran, to which enough water is added to make a wet mash. 
For grasshoppers or locusts, place a tablespoonful at the basc^of each tree or vine, 
or lay a line of it at the bead of the advancing army, placing a tablespoonful every 
6 to 8 feet, and following this up with another lino in i rent of the first. For baiting 
cutworms, distribute the mash in small lots over the infested territory. 

Green bait . — For the destruction of cutworms and who worms, use preferably 
poisoned green succulent vegetation, such as freshly ^cut clover, distributing it in 
small bunches about the infested fields. TJio bunches of green vegetation ^ould 
be (lipped in a strong solution of arseni<*a]8, and lu'cventecl from rapid drying by 
being covered with stones or boards. Renew as often as tho bait becomes dry. 

In the use of poison bait care must be exercised against its being eaten by domestic 
animals. 

C’akbon bisulphide.— This substance, used in tight i*ec('ptaclcs, is the cheapest 
and most offoctivo remedy for all insects affecting stored food and seed material, 
natural-history spc^cimens, etc., and is one of the best means against insects affect- 
ing the roots of plants in loo-^o soils. It is a colorless liciuid, witli an offensive 
odor, which soon passes off. It readily volatilizes, and is deadly to insect life. 
The vai)or is highly iiiflanimable and explosive, and should be carefully kept from 
fire, even a lighted cigar iii its i>roximity being a source of danger. Wholesale, 
it costs 10 cents a pound; retail, of druggists, 25 to 30 cents a pound. 

For root lice of grape, apple, etc., put one-half ounce of bisulphide into holes 
about x>lants 10 to 16 inches deep, 14 fetjt apart, and not closer to trunk than 1 foot. 
Make the holes with iron rod and close uith foot, or use hand injectors. For 
root maggots, put a teaspooiiful into a hole 2 or 3 inches from tho plant and close 
immediately. For ant nests, pour an ouii<*o of the liquid into each of several holes 
in tho nests; close the opening with the foot or cover with a wet blanket for ten 
minutes, and then explode tlic vapor at mouth of holes with torch. 

For stored-grain insects, distribute in shallow dishes over the hiiis; with open 
bins cover with oilcloth or blankets to retain the vapor. Keep bins or buildings 
closed for from twenty-four to thirty-six hours; then air them well. Disinfect 
infested grain in smairbins before placing for long storage in largo masses. 

The bisulphide is applied at tho rate of 1 pound to the ton of grain. 

Hellebore.— W hite htdlehore is u.sed extensively as an insecticide, particularly 
as a substitute for the arsonites. It kills insects in the same way as an intemm 
poison. It is less dangerous to man and the higher animals than tho arsenical 
poisons, but if sufficient quantity be taken it will cause death. It is particularly 
useful against the larvae of sawflies, such as tho cherry slug, rose slug, currant 
worms, and strawberry worms. 

It may be applied as a dry powder, preferably diluted with from 6 to 10 parts of 
flour, and dusted on the plants through a muslin bag or with powder Dellows* 

< Tho application is iiroferably made in the evening, when the plants are moist with 
dew, Used as a wet application, it should be mixed with water in the proportion 
of 1 ounce to the gallon of water and applied as a spray. 
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In most instances where hellebore is used, tho same results may be more cheaply 
accomplished by using either a soap solution or the arsenicals. 

Htdtooyanio acid gas.— T his substance is chiefly used to destroy scale insects 
on fruit trees and nursery stoch. The treatment consists in inclosing the tree or 
nursery stock with a lent and filling the latter with the poisonous gas. 

the tente should be of blue or brown drilling, or 8-ounco duck, painted or oiled 
to make air-tight. The tent may bo placed over small trees by hand and over large 
trees with a tripod or derrick. A tent and derrick for medium-sized trees cost 
from j»15 to $25; for a tree 30 feet tall by 80 feet in circumference, about $60. 

Refined i)otassium cyanide (98 per cent pure), commercial sulphuric acid, and 
water are used in generating tho gas, the proportions lx?ing from two-thirds to 1 
ounce, by weight, of the cyanide, slightly more than 1 fluid ounce of acid, and 3 
fluid ounces of water to every 150 cubic feet of space inclosed. 

Place the generator (any glazed earthenware vessel of 1 or 2 gallons’ capacity) 
on tho gi’ound within the tent, and add the water, acid, and cyanide, the latter in 
largo lumps, in tlio order named. Tho treatment should continue forty minutes. 
Bright, hot sunlight is apt to cause injury to foliage, and may be avoideS by work- 
ing on cloudy days or at night. One series of tents will answer for a county or 
large community of fruit growers. 

KEROSENE.— Kerosene, or coal oil. is occ:usioiially mqcd directly against insects, 
although its important insecticide uso is in combination with soap or milk emul- 
sion. Under exceptional conditioi^i it may bo spiaycd directly on living iflants, 
and it has been so used in the growing season without injury. Ordinarily, how- 
ever, when applied even in the dormant season on leafless plants, it is liable to do 
serious injury or to kill the plant outright. It is now being used to a certain 
extent mechanically combiued with %vater in tho a<-t of spraying, and is less harm- 
ful in this way than when used pure, as it is broken uj) more finely and somewhat 
distributed; but the danger of use on tender plants is not avoided by tips means, 
Many insects which can not bo debtroyed by ordinary insecticides may be killed 
by jarring them from tho plants into pans of water (ai which a little kerosene is 
floating, or they may be shaken from tho plants onto cloth or screens saturated 
with kerosene. 

For tho iiiostiuito. kerosene has pioved a very c- flic lent preventive. Applied, at 
tho rate of an ounce to 15 square feet, to the surface of small pomks or stagnant 
w’ator in which mosquitoes are breeding, it forms a uniform fllni over the water 
and destroys all forms of aquatic insects, including the larvte of the mosquito and 
the adult females which come to the surface of the w’ater to dei> 08 it their eggs. 
The a])plicati'ju retains its efficiency for several we eks. 

Kerosene emve^^iions. — T he kerosene emulsions apply to all such sucking 
insects as plant bugs, plaiit lice, scale insects, thrips. and plant mites, aud to such 
biting insects as can not Lo safely i)oisoned. 

Kcri)sciic (dul .\(Htp nnnlaiif)} /(H'muhi. 

Kerosene . gallons.. 2 

Whale-oil soap (or 1 quart j.ofl soap) pounds. _ 1-2 

W ater gallon _ _ 1 

Dissolve the soap in water by boiling, and add boiling hot, away from the fire, 
to the kerosene. Agitate violently for live minutes by pumping tho liquid bade 
upon it.'^elf with a force pump and direct-discharge nozzle throwing a strong 
stream, x>refcrably one-eighth inch in diameter. The mixture will have increased 
about one-third in bulk, and assumed tho consistency of cream. Well made, the 
emulsion should keep indefinitely, and should be diluted only as wanted for use. 

In limes tone or hard- water regions “break'’ the tvater with lyo before using to 
make or dilute tho emulsion, or use rainwater. Better than either, use the milk 
emulsion, with which the character of the \vater docs not affect tho result. 

KerofsoK* and milk vnmlsian formula. 

Kerosene - gallons.. 2 

Milk (sour) . . ...gallon . 1 

Heating is unnecessary; churn as in the former case for three to five minutes, 
or until a thick, buttery consistency results. Prepare the milk emulsion from time 
to time for immediato use. unless it can be stored in air-tight jars; otherwise it 
will soon ferment and spoil. \ 

How to nsc the ernnhions.—Toi summer applications for most xdant lice and 
other soft-bodied insects, dilute with 15 to 20 parts of water; for the red spider and 
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other plant iidtes, tlie same, with the addition of 1 onneo of powdered isiadpter to 
the gallon; for scale insects, the larger plant hugs, larvce, and beetles, 

7 to 9 parts water. 

For subterranean insects, sticli as root lice, root maggots, “white grubs,” "etc., 
use either kerosene emulsion or resin wash, wotting the soil to the elepth of S to 8 
inches, and follow with coi>ious waterings, uidess in rainy season. 

NAPHTiLiLENE.— This Bubstance is used principally for the repellent notion due 
to the vapor it exhales at the ordinary temperalnro of the air. In the form of 
cubes, cones, or globes it is used to protect clothing from the ravages of moths. 
Placed with stored-seed products, it will protect thorn from various weewls and 
stored-graiu i>estB. It has no effect on the germination of the seed. Naphthalene 
is also quite universally employod to preserve natural-history Bi)ecimons from 
museum pests. The vapors c^f naplithaltno are fatal to insec-ts, but the vai)or of 
bisulphide of carbon is much quicker in action, and to be preferred. 

Oils; Fjsh oil, tkatn oil, and coTTox-SEEn oil.— Those are sometimes used 
on domestic animals to rid them of vermin, and fish oil is ono of the best-known 
repellents for the hccii fly, buffalo gnat, and ox bot fly. Any of these oils or any 
grease, the more strong* ginelling the Letter, thinly smeared on animals at the 
points of attack hy flies, will ail'ord great protection. They are also valuable 
against lice affecting live stock, but must bo used c,Hrefully, or" they may causo the 
hail’ to fall off. 

PviiETiiJiUM, OR INBECT I'OWDEii.— This iiiMeciicide is sold under the nimios of 
Luhach and Persian insect powder. 

It acts on insects exlornally, tlii’ough their hivatliing pores, and is fatal to many 
forms. It is not iioisonous to man or the higlicr aninuils, and hence may l)e used 
where pojsons would ho ohjeclionablo. Its chief value is against houseliolcl 
such as roaches, flies, and ants, and in greenbouses, conservatories, and small 
gardens, wdiero the use of poisons would be inadvisable. 

It is ustid as a dry powd^^r, }niro or diluted with flour, when it may bo puffed 
about rooms or wherever insi'ets may occur. When used on idants, it is prefera- 
bly applied in the evtming. As a preventive, anti alsv) as a remedy for the mos- 
quito, burning the i)Owder in a tent or room will give satisfactory results. It may 
also bo used as a spray, at the r,ate of 1 ounce to S gallons of water, but in this 
case should be mixed up some twenty-four hours before being ai>plied. For 
immediate use a decoction may bo prepared by boiling in water from five to ten 
minutes. 

Besin wash, — This is valuable for scale inBects wherever the occmrrence of 
comparatively rainless seasons insures the continuance of the wash on the trees 
for a considerable period, and as winter washes in very mild climates, as southern 
California, or wherever the multiplication of the insect continues almost withoat 
interruption throughout the year. 

Fv7'mnhi for rey>hi ira.sh. 


Resin pounds . . 20 

Caustic soda (TO per cent) do 5 

Fish oil - ninls . _ 2 i 

W atcr to make . . gallons . . 100 


Oi'dinary commercial rosin is used, and the soda is that put up for soap estab- 
lishments in large 200-pound drums. »Smaller quantitie.s may be obtained at soajj 
factories, or the graii«lat<d caustic soda (98 per cent) used, oi pounds of the 
latter being the equivalent of 5 pounds of tlio former. Place these substances 
with the oil in the kettle, with water to cover them to a depth of o or 4 inches. 
Boil from one to two hours, occasionally adding water, until the compound resem- 
bles very strong black coffee. Dilute to one-third the final bulk with hot water 
or until cold water added slowly over the fire, making a stock mixture, to be 
diluted to the full amount as used. When sprayed, the mixture should bo per- 
fectly fluid and without sediment, and should any aiipcar in the stock mix lure 
reheating should be resorted to. For a winter wash, dilute one-third or one-half 
less. 

SoAPH AS INSECTICIDES.— Any good soap is effective in destroying soft-bodied 
insects, such as plant lice and young or solt-bodied larvtc. The soaps made of fish 
oil, and sold under the name of whale-oil soaps, are espocdally valuable. For jdant 
lice and delicate larvse, such as the pear slug and others, a strength obtained by 
diesolving half a pound of soap in a gallon of water is sufficient. Soft soap will 
answer as well as hard, but at least double quantity should bo taken. 

As wintjer washes, the fish-oil soap have proved tho mast effective means of 
destroying certain scale insects, and have been of es^iecial service against the very 
resistant San Jose scale. 
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For molar ^ poTinds to a gallon of 

watej^ m^ing tfie application mtli a spray puinp as soon as tlio leaves fall in tlie 
auteim^r^eating, if necessai-y? in spring befoi-e the Imds unfold. 

BoiimiJB.~-^iDwers of sulphur is one of the best remedies for plant mites, such 
as the ^^red spider,*’ six-spatted orange mite, mst mite of the orange fruit, cstc. 
Apidied at the rate of t ounce to a gallon of water, or mixed with some other 
insecticide, such as kerosene emulsion, it is a very effective remedy. For the rust 
mite, spriiikling the powdered r.ulxffiur about under ilio trees it) sometimes suffl- 
cient to keep the fruit briglit. Sulphur is often used to rid poulti-y hous<‘fi of ver- 
min, and whe^i fed to cattle is said to bo a good means of ridding them of lict ; or 
it may be mixed w’ith grease, oil, etc., and rubbed into the skin. 

IHsid'phidc of /omc.— T his chemical is oven l^ettor than sulxdiur as a remedy for 
mites, but it is a litjuid .'md can bo diluted easily to any extent. It can bo made 
very cheaply by boiling tcjgetlier in a small ciuantity of water equal parts of lime 
and* flowers of sulpluir. For mites, take 5 i^ouiids of 6ui]diur and 5 of liiiie, find 
boil in a small quantity of watci' until lioth aro dissolved and a brownish liquid 
results. Dilute to l(K)*gallons. 

Tar. — This substance is commonly used as a repellent by di«S''lviiig in water 
and 0 i)riiikling tlie plants with the solution. It is also sometimes smeared in and 
al)Out tliO nostrils of shroii, to prevent tho bot fly from dei)ositing its eggs. 
Painted on jj/ax^er bands wrapped around tho bases of fruit trees, and renewed 
l>efore becoming dry, it will entrap tho wingless female cankorwerm moths in 
their attemids to ascend the trees for the ])urpose of depositing eggs. Pino tar is 
ijreiVrablo to coal tar. but neither kind ahould be applied direc tly to tho bark. A 
prepared grease, known as insect lime, is now generally employed instead of tar. 

A CHEAP OBCHABD-SPBAyifjfG OUTFIT. 

Bprnying to control various insect por>tB, imrtirnlarly those of th© orchard ai4 
garden*, luib reaclie<l so satisfactory and inex|»onsive a liasis that it is recognized by 

* every progri'ssive i aniior as a necessiu’y featui*© 
of the year *8 operations, and in the case of the 
nj»ple, i)ear, and plum croi>s the omission of 
Mich treatment means serious loss. Tlio ooime- 
quent demand for spraying apparatus has been 
met by all the leading pump manufacturers of 
this country, and ready-litted appnratu*:*, con- 
sisting of pump, spray tank or barrel, and 
nozzle with hose, are on tho market in numer- 
ous styles and at prices ranging from S20 
upward. The cost of a spraying outfit for 
orehai'd work may, however, bo considerably 
reduced by x>urchasing meivly tho pump and 
fixtures and mounting theia at homo on a 
strong barrel. An axiiiaratus of this sort, rej)- 
resenting a vstylo that has proved very satisfa(‘- 
tory in practical experience, is illustrated in tho 
accompanvuig figui e ( 104 ) . It is merely a strong 
punq) with an air-ch.'imber to give a steady 
stream provided with two disc-hargo lioso pi]>es. 
One of tb.eso enters the barrel and keeps tho 
ivater ae,11atcd and 1 lie poison thoroughly imev- 
inixcd, and the other and longer one is tlio 
Fio li:4 —OrcUard'aprayiiig apparatus, sxn-aying hose and terminates in tho nozzle. 

The"s]>raying hose should be about 20 feet long, 
and may bo fastened to a light pole, preferably of bambe^o, to assist in directing 
the spray. Tht' nozzle should be capable of breaking tin; winter up into a fine 
mist spray, so as to wet tho idant completely w'itli the least possible expenditure 
of liquid. A suitable pump with noaziu and hose may bo obtained of any hard- 
ware dealer. 

SEED STANDARDS. 

The following standards of purity and germination in seeds are recommended 
by tho De]>artment of Agriculture. Th© term piinty, tho percentage of which is 
reckoned by weight, denotes freedom from foreign matter, su(*h as chaff, dirt, or 
seeds of other plants, but it has no reference to the genuineness of the variety,* 
which is called by seedsmen i)urity of stock. The percentage of ycviui nation 
is reckoned by count from a sample freed from foreign matter, a seed being 
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considered as having germinated when the rootlet, or radicle, has pushed through 
the seed coat. It is not to be undemtood from these standards that the real ;vidue 
of a quantity of seed is dependent wholly upon the number of pure germinable se^ds 
it contains. The ancestry of the seed and its triieness to type are factors of 
primary importance in determining seed value, especially in the case of vegeta- 
bles. These points, however, are very difScult, if not impossible, to determine 
at the time of purchase, while the purity and germination are easily ascertained 
and are very essential points. Tho germination standards are based upon tests 
conducted between moist blotters in a germinating chamber. Such tests usually 
give a little higher result than those made in soil. In tho case, however, of blue 
grass, lettuce, tobacco, and the parsley family, soil tests are generally higher than 
blotter tests. While the figures given aro only tentative and subject to change, it 
should be stated that they are the result of all the information available at tho 
present time, including nearly ten thousand germination tests conducted in the 
seed laboratory of the Department of Agriculture. 

Per cent of jnfriiy and (jerininaiion of seeds. 


Seed. 


Alfalfa 

Asparague 

Barloy 

Beans 

Beet 

Blue grass, Canadian . 
Blue gi*ass, Kentucky 

Brome, awnloss 

Buckwheat 

Cabbage 

Carrot 

Cauliflowor 

Celery 

Clover, alsikc 

Clover, crimson 

Clover, red 

Clover, white 

Collard 

Corn, field 

Corn, sweet 

Cotton _-.i 

Cowpea 

Cress 

Cucumber 

Eggplant 

l^’escuc, meadow 

Lettuce 

Kafir corn 


Purity. 

Oermi- 

nation. 

1 Seed. 

Purity. 

Germi- 

nation. 

Per cent 

Per ecu i 

j 

Per cent. 

Per cent. 

OS 

a5-90 

! Mol on, musk 

99 

85-90 

m 

a)-85 

i Melon, water 

90 

85-^90 

0!) 

99 

90-95 

90-95 

Millet, common ( .S' via ri a 
itahra) 

09 

85-00 

99 

90 

J 150 
45 .50 

Millet, hog niiluo 

Cf UtU ) 

99 

85-90 

90 

45 50 

Millet, peurl 

99 

86-00 

90 

75 80 

Mustard 

99 

oa-95 

99 

90 95 

Oats 

99 


99 

IK) 95 

Okra 

99 

80-85 

95 

80-a5 

Onion 

99 

80-a5 

.99 

80-a5 

Parsley 

00 

70-76 

98 

00-05 

Parsnip 

, 95 

70-75 

95 

75 80 

Pe.as ^ 

99 

03-98 

08 

a5-9» 

Pumpkin 

99 

85-90 

98 

i 85-JK) 

! Radish 

99 

90-03 

95 

75-80 

1 Rape 

90 

90-05 

99 

90-95 

Rye 

99 

90-95 

99 

90-95 

Salsify 

98 

75-^ 

JKi 

av9o 

Sorghum 

98 

85-90 

99 

i m-m 

Biduach 

99 

80-86 

9il 

a5 90 

Spnrry 

09 

a5-90 

99 

85-lK) 

Squash 

99 

85-99 

09 

a5tK) 

Timothy - 

98 

85-9?) 

09 

75-80 

Tomato 

98 

854)0 

95 

85-90 

Turnip 

99 

90-05 

09 

85-9r» 

To’ '.cco 

98 

7.5-80 

98 

85-00 

Wheat 

99 

904)5 




» Each boot fruit, or “ball,” is likely to contain from 2 to 7 seeds. One hundred balls should 
yield at least 150 sprouts. 
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FORMULAS FOR FUNGICIDES. 


(1) Jfhimoniacal copper carbonate solution : 


Copper carbonate - ounces - . 5 

Ammonia (20 per cent) pints, > 8 

Water gallons.. 50 


Place the copper carbonate in a wooden pail and make a jmste of it by the addi- 
tion of a little water. Then pour on the ammonia and stir until all the copper is 
dissolved. If the 3 pints of ammonia is not sufficient to dissolve the coppcr» add 
more until no sediment remains. Pour into a barrel and dilute with 45 or OU gal- 
lons of water, and the mixture is then ready for use. 

(2) Borden ux m irt uvc : 

Copper sulpliate pounds . . 6 

Strong fresh liiiK' do . . . 4 

Water gallons __ 22 

In a barrel that will hold 45 gallons dissolve the copper sulphate, using 8 or 10 
gallons of water, or as much as may bo necessary for the i)nrposo. In a tub or 
half barrel slack the lime. When completely slackpd. add enough w^ater to make a 
creamy whitewash. Pour this slowly into the barrel containing the cr>pi)cr sul- 
phate solution, using a coarse gunny sack stretched over the head of the barrel for 
a strainer. Finally, fill the barret half full of water, stir thoroughly, and the 
mixture is ready for use. The 50 or CO gallon formula is made in the same way, 
except that 50 or GO gallons of water is added instead of 22 gallons. For further 
directions in malnug large quantities, see Bulletin Ko. C, Division Vegetable Phys- 
iology and Pathology, pp, 8-11. 

(3) IJoi’irolLr tvcatmf'ni : 

ThivS ireatment is used for smuts of oats and wheat, Place two largo kettles or 
two wash boilers on a stove: provide a reliable thermometer, and a coarse sack or 
])asket for the Sf^ed. A sp(*cial vessel for holding tht' gu*ain may be made of wme 
or perforatt^l tin. A vessel should never be entirely witli grain, and in the 
kettles (here pliould be about live or six times as much water by bulk as there is 
grain in thf‘ be.slvvt. In the first kt‘ttle keep the tenijioraUire of the water at from 
IJO^' to tni) and ill the oth<‘r at 132 ’ to 133 \ never letting it fall below 130 lest tho 
fungous spore i may not bo kilbsl, nor rise above 135 ^ lest the grain be injured. 
Place the grain in the baski't and llieu sink it into the first kettle. Raise and l»>wer 
it several tineas or snake it so that all the grain may be(*ome wet and uniformly 
warm, Romov(* it from the first k^tllo and plunge it into tho second, where it 
should receive fifteen minutes’ treatment. Shake about repeatedly and also raise 
tho bnslu't containing the grain conipbdely out of tho water five or six times 
during the treatiu'^nt. If the teniiierature falls below rJ2'-\ let the basket remain 
a few monif'uts longer; if it rise's, a f<‘w moments li^ss. Have at hand cold and 
boiling water wiili whieli to regulate tho temi)eralure. At the expiration of iifte". n 
uiiiiutt'H remove the grain and plunge into cold wat(*r, after winch spread it out to 
dry. Th(t see<l iiiay bo sown at onct*, before thoroughly dry, or may bo dried and 
stored until ready l\n- use. In treating oats ke(»p (hem in wat(‘r at i32- for only 
ten minutes and spr^^ad out to dry without plunging into tho cold water. 


(4) Resin irosh . 

Resin 

Caustic soda (98 ijer cent ) 
Fish oil (crude) .... 
Water to make 


pounds.. 20 

- . .do 41 

...pints.. 3 
.gallons.. 15 


Place the resin, caustic soda, and fish oil in a large kettle. Pour over them 13 
gallons of water and boil until tho resin is thoroughly dissolved, which requires 
From three to ten minutes after the materials begin to boil. While hot add enough 
water to make just 1 5 galhms. When this cools, a fine, yellowish precipitate settles 
to tho bottom of tho vessel. The preparation must therefore be thoroughly stirre<I 
each lime before measuring out to dilute, so as to uniformly mix th(3 precipitate 
with the clear, dark, amber-brown liquid, which forms by far the greater part of 
the stock preparation. When desired for iise, take 1 part of the stock preparation 
to 9 parts of water. Tf the wash be desired for immediate use, the materials, after 
boiling and while still hot, may bo poured directly into the spray tank and diluted 
with cold water up to 150 gallons. 
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(5) Corrosive sublimate solution: 

Corrosive sublimate oiinces.. , 2i 

Water gallotm.. 15 

This solution is used for potato scab. The corrosive sublimate is dissolved in 
about 2 gallons of hot water, and after an interval of ten or twelve hours diluted 
with 13 gallons of water. The potatoes to be planted are immersed in the solution 
for one and one-half hours, after which they are spread out to dry, then cut and 
planted as usual. A half barrel is a convenient receptacle for the solution. The 
potatoes may be put into a coarse sack and suspended in the liquid, first washing 
the tubers. Corrosive sublimate is very poisonous and should bo kept out of the 
way of children and animals. All treated tubers should be planted, or, if not 
planted, destroyed. 

Potassium sulphide: 


Potassium sulphide ounces-- 2i 

Water -.gallons-. 5 


Dissolve the potassium sulphide in water, and the mixture is ready for use. 

ERRONEOUS IDEAS CONCERNINa HAWES AND OWLS. 

Much misapprehension still exists among farmers as to the habits of birds of 
prey. Examination of the contents of the stomachs of such birds, to the number 
of several thousand, has established the fact that their food consists almost 
entirely of injurious mammals and insects, and that accordingly those birds are 
in most cases positively beneficial to the farmer, and should be fostered and pro- 
tected. 

Among thoso wholly hcncficinl are the largo, i*ough-leggcd hawk ; its near rela- 
tive, the squirrel hawk, or ‘ferruginous roughleg, and the four kites — the white- 
tailed kite, Mississippi kite, swallow-tailed Mte, and everglade kite. 

The class that is beneficial in the main — that is, whose uei)redations are of little 
consequence in comparison with the good it does— includes a majority of the hawks 
and owls, among them being the following si)ecios and their races: Marsh hawk, 
Harris’s hawk, red-tailed hawk, red-shouldored hawk, short-tailed hawk, white- 
tailed hawk, Swainson's hawk, short- winged hawk, broad-winged hawk, Mexican 
black hawk, Mexican goshawk, sparrow hawk, Audubon's caracara, barn owl, 
long-eared owl, short-eared owl, great gray owl, barred owl, Western owl, Rich- 
ardson’s owl, Acadian owl, screech owl, flammulated screech owl, snowy owl, 
hawk owl, burrowing owl, pygmy owl, ferruginous pygmy owl, and elf owl. 

The class in which the harmful and the beneficial qualities about balanC/e each 
other includes the golden eagle, bald eagle, pigeon hawk, Richardson’s hawk, 
Aplomado falcon, prairie falcon, and great horned owl. 

The harmful class comprises the gyrfalcons, duck hawk, sharp-shinned hawk, 
Cooper’s hawk, and goshawk. 

Trie investigations upon which the foregoing statements are based were 
described at considerable length in the Yearbook of the U. S. Department of 
Agriculture for 1894. 

TIMBER—LUMBER— WOOD. 

QUALITY. 

Sapwood is light and weak if from an old tree, but heavy and strong if from a 
young tree. 

Sapwood shrinks more and decays more easily than heartwood. 

A young tree makes heavier and stronger wood than an old tree, hence second 
growth is often better than old limber. 

The butt cut of hard pine weighs 20 per cent more and is 30 per cent stronger 
than the top cut. 

The heaviest stick of the same kind, when seasoned, is the strongest; a piece of 
seasoned pine weighing 45 pounds to the cubic foot is one-third to one-half stiffer 
and stronger than one weighing 30 pounds. 

Broad-rmged oak and pine, with broad, dark bands of summer wood, are 
etrongest. 

GrQssgrain and knots reduce both stiffness and strength. 

A erossgrained piece will scarcely support one-twentieth of the load that a 
straight-grained x>iece of the same kind wul support. 
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EFFECTS OF SEASONING. 

A dbrd of green wood weighs 50 per cent more than when air dry. 

A cord of well-dried wood still contains 000 x^onnds of water. 

In the hnming of green wood, nearly one-half the heat is lost in evaporating the 
water contained in it. 

One-half the weight of fresh, sappy pine is due to water. The kiln-drying of 
lumber, at a small oxx)enao, saves 1,000 to 1,500 x>ounds of freight per 1,()00 feet, 
3. M. 

Seasoning increases stiffness and strength by about 50 per cent. 

Checks produced in drying decrease the value of timber; seasoning, therefore, 
always injures as well as benefits. 

Wood always swells and shrinks— that is. takes up and gives off water— hence 
the periodic recurrence of cracks in floors, etc. 

Split wood shrinks more evenly, sheds water and wears better than if sawed. 

Good hard iniie shrinks about 0 inches per 100 inches width of flooring when 
laid green; good red oak about 0 i indies. 

A “quarter-sawed” board shrinks only one-half to two-thirds as much os a 
bastard-sawed one. 

Wood slirinks inappreciably in length, 0 to 0 x>er cent in radial direction (across 
the rings), and 4 to 10 per cent in tangential direction (with the rings). 

Quarter-sawed, boards and bastard-sawed boards neither shrink nor wear alike; 
hence for the bo.st floors they should not he u-ed side by side. 


STIFFNKSS AXO STKEXdTII. 

Doubling the length <»f a board or timlxT reducers the stiffness eightfold and the 
strength one-half - 

Doubling the width of a board doubles the stiffness and strength. 

Doubling the thickness of a board or the depth of a timber increases the stiffness 
about eightfold and the strength fourfold. 

If, therefore, it is desired to double the length and retain the same stiffness, it 
is necessary to double the thickness or depth. 

Weight for 'weight, a stick of xiino is stronger and stiffer than a solid iron or steel 
of same shape and length. 

A joist 3 by 0 indies is throe times as .''tiff as om» 3 by 4. A joist 2 by 8 inches 
is eight times, and one 3 by 13 is twenty-seven times, as stiff. 

A good liard-xiinc joist 2 by 4 inches and 10 feet long may support 2,000 pounds 
in the middle, but it can safely be trusted only to the extent of 400 pounds. 

If weighted suddenly, a timber bends much more than if weighted gradually 
with the same weight . 

A timber projecting from the wall and weighted at the end (a cantilever) sup- 
ports only as much as a timber twice the length resting on both ends and weightSl 
in the middle. 


MKASl RKMF.XT. 


A cord of body wood clo.sely jiiled contains 100 cubi<» feet of f^olid wood; if one- 
third limbs, not more than bO cubic feet. 

A cord of good oak wood contains 175 to 300 billets, requires about a dozen 
small-sized trees (8 to 10 inches diameter) or one good-sized tree (20 to 24 inches) 
to make it, and weighs about 2.5 tons. 

To obtain, approximately, the volume of a .standing tree, measure the circum- 
ference broast-iiigh in feet, square it, divide by 25, and multiply by the estimated 
height, the result being in cubic foot. For saw timber, take estimated length of 
log instead of height of tree. 

To obtain volume of standing timber jier acre, count and classify trees of same 
diameter and height, measure one of each class, multiply by the number of trees 
in the class, and add the results. 


Sitmniary of h}y-book csthnah'}i for memorizing. 

Diameter of log in inches 10 13 14 16 18 30 32 24 

Number of feet, B. M., contained in 

10 feet of length 20 40 60 90 120 160 200 250 

Difference in feet 20 30 30 30 40 40 50 
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It will be obseryed that the increase in diameter from 10 inches to 13 and from 
13 inches to 14 is accompanied, in each case, by an increase of 30 feet in the con- 
tents of the lo^; that the increase from 14 inches to 16 and from 10 im^ies t6 18 is 
accompanied, in each case, by an increase of 80 feet in the contents of the log, 
and that the increase from 18 inches to 30 and from 30 inches to 33 represents, in 
each case, an addition of 40 feet to the contents of the log. The reader can follow 
out this ratio of increase as circumstances require. 

DISTANCE TABLE FOR TREE PLANTING. 

Nwnl>cr of frees that may he set upon a piece of land 100 yards or feet square on a 
sidCy in right-angled 7'02vs of equal and unequal distances apart* 


Yards or feet betwt'on rows 


















^1.2 

1.0 

1.5 

2.0 

2.5 

3.0 

3 5 


4 5 

6.0 

6.5 

0.0 

7.0 

8.0 

0.0 

10.0 

0.5 

20 ,flnn 

18,833 

10,000 

8,OOr)!o,«07 

.5,71415,000 

4,4U 

4,000 

3, 0.36 

3 , 33:1 

2,8.57 

2,500 

2 222 

2,000 

1.0 

10,000 

6,007 

6,000 

l.fMM) 

3,;433 

2,857 

2,70) 

2,22:2 

2,000 

1,818 

1,666 

1,428 

1,250 

1,111 

1,000 

J.5 

6.607 

4,4i4 

n,m 

2, 607 

2,222 

1,105 

1,607 

1,481 

l,3:j;i 

1,212 

1,111 

952 

m 

740 

606 

2.0 

f).0(K] 


2,600 

2, (MM) 

1.007 

1,429 

1,250 

1,111 

1,(MX) 

i0» 

KlJi 

714 

625 

.555 

600 

o r, 

4. (MM) 

2,007 

2, (MM) 

1,600 

l.OTl.miJMlO 

»S9 

800 

727 

666 

571 

500 

444 

400 

a.b 


2 2^**^ 

1,007 

i,3;« 

1,111 

952 

m 

741 

667 

COO 

5rK) 

476 

416 

870 

833 

3.6 

2,857 

1, 9(15 

1,4:.^) 

1,143 

9.52 

816 

714 

m 

671 

519 

470 

408 

357 

317 

285 

4.0 

2,5'M( 

1,007 

1,250 

I.OIM) 

833 

714 

625 

650 

600 

455 

416 

:457 

312 

277 

260 

4 5 

2 22:2 

1,481 

i,m 

889 

741 

6;i5 

556 

494 

444 

404 

370 

317 

277 

240 

222 

5.0 

2,(0) 

1,333 

1,(0) 

800 

667 

571 

600 

444 

400! 

364 

333 

285; 

250 

222 

m 

5.6 

1,8JM 

1,212 

(0) 

727 

(01 

619 

466 

404 

36-1 

833 

303 

259 

227 

202 

181 

0.0 

],66T 

1,111 

833 

667 

656 

476 

417 

870 

833 

803 

277 

m 

208 

185 

166 

tt.f) 


l,02f; 

769 

615 

613 

440 

885 

m2 

808 

28(M 

260 

m 

192 

170 

163 

7.0 

1,429 

952 

714 

671 

476 

408 

857 

317 

286 

200 

238 

204 

178 

158 

142 

7.5 


880 

(507 


444 

361 

m 

298 

207 


222 

190 

166 

148 

133 

8.0 

1,260 

ain 

025 

.500 

417 

a57 

813 

278 

250 

*87 

208 

178 

166 

138 

125 

8.r> 

1,176 

784 

588 

471 

392 

830 

294 

261 

2:45 

219 

196 

368 

147 

130 

117 

0 0 

1,111 

741 

66(i 

m 

370 

317 

278 

247 

1 222 

20* 

m 

158 

138 

lari 

1 111 

10.0 

1,(0) 

0^17 

600 

400 

33.3 

286 

ZTjO 

222 

200 

i 

166 

142 

125 

111 

100 


In orclei* lo hud ntiml>or of troos neeih^d per acre divide the above hgnres by 2, 
if they liavo been n^ad a.^ referring lo feet; multiply thorn by ‘U. if they have l>een 
read as referring to yards. This mil give the iiumlx'r needed within an nnap- 
preciable error. 


IRRIGATION. 

A water right is the right or privileg<3 of using water for irrigating purposes, 
either in a definite quantity or upon a i)rescrib(‘d area of land, such right or i^rivi- 
lego being customaidly acquinnl either by iniority of use or by purchase. In 
many parts of the arid region a water right is an exceedingly valunblo proi)orty. 
Tho average value of the water rights of llie entire arid region, as determined bjr 
the Census of ISOO, was $20 per acre, and Ibero are fruit-gromng districts in C’ali- 
fornia where u-ater rights have been sold at as high as $1,500 per miner s inch, or 
from $100 to $500 i)er acre, according to the amount used on any given area of 
land. 

The duty of water is tho extent of the service it will perform when used for 
irrigating purposes, that is, the number of acres a given (juantity of water will 
adequately irrigate under ordinary circumstances. This is usually from 100 to 
200 acres for each second-foot. Where water is abundant, the d uty has been known 
to bo as low as 50 acres, and, where very scarce, as high as 500 acres to tho second- 
foot. 

A miner's inch is theoretically such a cjuanlity of water as will flow through an 
aperture 1 inch square in a board 3 inches thick under a head of water of 0 inches 
in one second of time, and it is equal to 0.194 gallon, or 0.0359387 cubic foot per 
second, or to 11. G4 gallons, or 1.55C034 cubic feet, per minute. Tho amount of 
water flowing through a given aperture in a given time varies, however, with 
the head of water over the opening and also with tho form of the opening. In 
Colorado tho miner’s inch legalized by statute equals 11.7 gallons per mi nute. Tho 
California miner’s inch, however, equals only 9 gallons per minute, 100 Colorado 
inches being, accordingly, equal to 180 California inches. One hundred Colorado 
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inches will cover an acre to a depth of 5.3 feet in twenty-four hours ; 100 California 
incshes will cover the same area only to a dei)th of 4 feet in the same time. Fifty 
California inches are therefore, approximately, equal to 1 sccond-foot, and 50 Colo- 
rado inches to about three- tenths more. 

An acre-foot of Avater is the amount required to cover an acre of ground to a 
depth ot 1 foot. This is 43,500 cubic feet, or 325, «51. '1513 gallons. Its weight is 
1,313 tons 3,113 pounds, at 2,340 pounds to the ton. 

The amount of water roqiiirea to cover an acre of ground to a depth of 1 iiitdi 
is 3,080 cubic feet, or 27,154.2870 gallons. Its Aveight is lol tons 302^ puund^^, at 
3,240 pounds to the ton. 

A second-foot is the most satisfactory, bec/mso the most definite, unit of meas- 
urement for flowing water. It is nsc^ by the United IStates Government in the 
gauging of rivers and streams, and is rapidly superseding tlio miner’s inch in 
the measurement of water for irrigation. It is the quantity represented by a 
stream 1 foot wide and 1 foot deep, flowing at the average rate of 1 foot per second. 
In other words, it is 1 cubic foot per second, GO cubic feet per minute, 3, GOO cubic 
feet iier hour, and so on. A stream flowing continuously at the average rate of 1 
second-foot would carry in one day of twenty-four hours 80,400 cubic feet, or 
016,310.928 gallons, suflicient to cover l-UJ acres to a depth of 1 foot. Flowing 
continuously for one year of three hundred and sixty-five days, such a stream 
would carry 31,530,000 cubic feet, or 235,905,078,72 gallons, sufficient to cover 
723 U} acres to a de])th of 1 foc*t. 

Thesubhumid region is the strip of country running north and south b.Hvvcen the 
arid region, Avhero irrigation is absolutely necessary to the successful prosecution 
of agriculture, and those portions of the Unit(‘d States in which the rainfall is 
usually sufficient for agricultural purposes. It includes portions of North Dakota, 
South Dakota, Nebraska, Kansas, and Texas, and may be described as a region 
where irrigation is not always necessary, but Avherc agricultural operations can 
not, Avith any assurance of success, be undertaken AAothout it. 

The average value of llio irrigated land in farms in the United States was a‘^cer- 
iainecl l)y the Uensus of 1890 to bo §83,23 per acre, and that of the nonirrigatcd 
land ill farms §20.95 per acre. 

The average .nnnual valm^ of tlu' nOTculiural jirodinds of the irrigated land was 
ascertained to be §14.89 per acre irrigated, and that of tliow' of the noniiTigated 
land §‘).80 for each acre improved. 

The ftverago fiist cost ol the irrigated land, including purchase money, water 
rights, etc., was asc<‘rtaijied to lnm)becu $8.15 per acre, and the aA'erago annual 
cost of the Avat'-r su])i)3y $1.07 jjer acre. 

The total I'alue oi llie irrigated farms of the United States, as reported b}^ the 
fariu#TS theni8tdv< s, 'Was, in ruuiul llgures, §290.850.000, an increaseof §219,360.000, 
or 283, (KS per cent, upon llieir cost, Jiici tiding laud, AAUiter rights, fences, and prepa- 
ration for cullivatiim. 

The total value of the prodnriive irrigating systems was found tobo $04,412,000, 
an increase of $04,801,000, or 218.81 per cent, upon their co.st. 
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Weight and cost of the seed of four mixtures^ each designed to cover an acre, upon 
the basis of 10^000^000 plants, compiled f rom table on page 


Mixture. 


A. 




Timothy 

Alftike 

White clover 


Total. 


( Timothy 

Kentucky blue grass. 

Orchard grass 

Alsik© 

White clover 


Total, 


C. 


f Timothy. 

Kentucky blue grass 

( irchard grass 

Meadow foxtail 

Alsike 

, White clover 


Total. 


D. 


{ Rod clover. 

Alsiko 

Timothy... 
Rod top 


Tot:il.. 


Number of 
seed^s. 

Pounds, 

Cost. 

6,700,000 

6.7S 

$0.67 

3,650, 0(X) 

2.33 

.30 

1,650, (KX) 

2.23 

.62 

10,(XX>.0U0 

10.28 

1.49 

‘6.(X)i),()00 

“ 4.27 

.43 

l,tXX),fXX) 

.41 

.06 

7<XUKX» 

1.21 

.19 

l,650,00(J 

2.33 

.30 

1,650,000 

2.23 

.62 

lft,0(X}.0(X) 

10.45 

1.5© 

~ MXX>,6io' 

P” 3.4tl' 

734 

1,»XMXH) 

.50 

.06 

1,(XK),(XX) 

1.73 

.28 

500. (XX) 

.55 

.15 

1,650, (XX) 

2. 33 

.;x> 

3, 650, (XX) 

2.2J1 

,02 

10,(HX),(XX) 

10 70 

1 75 

Ji,700,'0()0 

10 (X> 

1.44) 

a,lf*l.(«X) 

3.01) 


;t. oso, (XX) 

2.04 

.20 

•.J,(XH),000 

3.31 

.40 

'^10.(xxr(i00 

13.95 i 

1 2.45 


THE METBIC SYSTEM. 

Tho entire metric fjyHiein of and measiuv'.s U based npon a fnmlamcntal 

unit called a meter, which is the ten-millionth part of tho distance from the 
ccjtmlor to the pole, and is tho princijial unit of linear moasuro. 

The are, or unit of stiuaro measure, is a sfiuaro whoso sUlo is 10 meters. 

The store, or unit of cubic measure, is a culie whose edp:c is a ni'clor. 

The liter, or unit of all uioasure.s of capacity, is a cube whose edge is the ioutli 
of a meter, 

Tho gram, or unit of weight, is the weight of a ciil>e of ]>nr(‘ waitT at its greatest 
density, tho edge of which is tho liundrucith iiart of a meter. 

Elcnicni!^ o/ the sgstcni. 


Longfli. 

.Surface, 

(^Hpa( ity. 

WcULt. 

1 Notalion 

Myriametor. 

Kilometer. 

Hectometer. 

Decameter. 

ITe<‘tare. 

Decare. 

Kilolitor. 

He<;t()liter. 

Decaliter. 

Metric*, ton. 
Quintal. 

IVly rijigrnin. 
Kilogram. 
He(*t;ogx’iim. 
Decagram. 

1,(X)0.0(X) 

}W. (HX) 

10. m 

i,m 

J(K) 

10 

jtfefeK 

Arc. 

Liter. 

f/ram. 

1 

Decimeter. 

Oontimeter. 

Millimetor. 

(Viiliaro, 

Deciliter. 

Contilitt'r. 

Milliliter. 

Decigram. 

(Vuitigram. 

Milligram. 

0.1 

0 01 
l) 001 


Tlie metric system has been made compulsory in Prance, Germany, Austria- 
Hungary, Belgium, Spain, Portugal, Italy, Norway, Sweden, Switzerland, Servia, 
Eoumania, Mexico, Brazil, Peru, "Venezuela, and Argentina, In Great Britain, 
Japan, and the United States the system is legalized, but its use Is not compulsory. 
Russia and Denmark stand alone in not having taken any action, but even these 
countries are contributors to the International Bureau of Weights and Measures. 

In all the different countries in which this system has been adopted the change 
from the systems previously in use was made without the slightest difficulty, 
but it is h^dly necessary to point out that unless the metric system had bam 
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distill j^uishM by great simplicity it would not have commended itself to so largo a 
number of the nations of the world, with all their various peculiarities and preju- 
dices# Its superior character, both as regards siiuxilicity and scientific precision, 
was recognised in the United States at an early day, and as long ago as 1806 Con- 
mss legalized tho system in this country and authorized the Secretary of the 
Treasury to distribute to each State of tho Union a s(‘t of metric standards of 
weights and measures, which was done. It has since authorized on different 
occasions the participation of tho United States Grovernment in the various oper- 
ations that have been advocated by the IntcTuational Bureau of Weights and 
Measures. 

Our jiresent system has for its sole recommendation that it has l>oen in common 
two for many years. It is irrational in theory and irksome in practice, and is 
idmost entirely without authorization in the history of Congressional legislation. 

Lhtettr, or loioj, vicaskire. 


Donoxnhiatioii. MeU^rs. 


Mfllimftter 0 noi 

0©ntiinot<?r 01 

Deciuwjtur t .1 

Metor 1 1 

D€Mc*aniot©r ! 10 

Hectometer • 100 

Kilomotor ' 1 , 000 

Myriametor lo,000 


Inches. 

Feet. 1 

Yards. 

Milos. 

0. f)3087 
.0937 
3.«17 
139.37 

0.00328 
.03280 
.H2808 
3.28083 
32.80833 
338 0833 
3,280.833 

0 00109 
,01094 
.10938 

1 00361 
10 93811 

109. 361 1 
1,093.611 



0.00006 

.00062 

.00621 

.00214 

.62137 

6.2137 




! 1 


inchc“< is tho h’galbed equivalent of the uif'ter in tho I'nitod States 


Sqjtan’ jurasurr. 


Denomination. 


MUliare 

Contiaro.or fociuare nud<‘r 

Docitu’o 

Are. or squart' (h'runn t.'r 

De<»u'o 

Hoc taro 


Square 

meters. 

Square 1 
inches. 

Square feet. ! 

1 1 

Square 

yards. 

1 Acres. 

0 1 j 

155 

1 0764 

0 1190 


I 

1,660 

10 764 

1.196 1 


10 i 


107 64 

11.96 

0.0025 

100 


1,076.4 

119.6 

.0247 

i,m 


1 ’ 

1,190 

.8471 

10,000 

1 




2. 171 

1 : 



A Kiuan' c-*ntimotor equals 0 l.V» squai'' imh,a squar*' d^mmotor jr, a square inches, and a 
square kilometer O-G-iO ; iinaro mile 

Cohir 


lx.Ko,n:r.atioi! • 

1 Cubic 

1 Inches. 

Cubic feet. 

Cubic 

yards. 

Mlllirttere. or cubic dev-inn't^T | 0 001 

Own ti.Ht ere . .... • .01 

DociMieiHJ - - I .1 

61.023 

610.233 

0.03531 

.a53U 

3 53144 
31.3144 
:mi44 

0.0i;«)6 

.1306 

1.3tJ6 

13 06 
130.8 

Sterc. er <*ubic meter i 1 

Derjir.tert^ I 10 


H^ictosLer*! ! 100 






Meafsifrc of copavily. 


Denomination. 


Milliliter, or cubic centimeter , 

(3on till tor 

Deciliter 

Liter, or cubic decimeter 

Decaliter 

Hectoliter 

Kiloliter, or cubic meter 

Hyrialiter 


Liters. 

Fluid 

ouncoB. 

Quarts. 

Gallons. 

Bushels, 

0,001 1 

0.0838 

0.00106 

1 


.01 j 

.m 

.01057 

0.(K)264 


.1 

3.38 

.lf«67 

.02642 

0.00284 

1 

83.8 

1.0567 

.26417 

.02837 

10 

838 

10.667 

2.6417 

.28377 

100 


105.67 

26.417 

9. 8:i774 

1,000 



964.17 

28.3774 

10,000 
1 



2,641.7 

283,774 


a 


A liter is the weight of a kllogi'tun of distilled water at its maximum density. 
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Weight 


Douominatioii. 

Grams. 

Grains. 

Ounces 

avoirdupois. 

Pounds 

avoirdupois. 

Tons of 
2,240 
pounds. 

Milligram 

0.001 

.01 

,1 

1 

10 

100 

1,000 

10,000 

100,000 

1,000,000 

0.01548 
.15438 
1.54884 
15.43288 
154 3285« 
l,54iI.2Jir»0 
16,432.856 




Oentlfirram 




Decigrfun 

0.003IKJ 

.03627 

.35274 

8.6374 

85.274 



Gram 

0.0022 

.02205 

,22046 

2.20463 

3f2.04fl3 

220.463 

3. 304. 63 
i 


Dcca^rram 

Hectogram 

Kilo^am 

Myriagram 

"’aoiow 

.00064 

.00642 

.0842 

Qulntfl 



Millier, or tomio 







NOTES KEGARDING DEPARTMENT PUBLICATIONS. 

Tho publications of tho U. S. Department of Agriculttiro are of throe classes: 
(1) Serial publications, (S) scientific and technical reports, and (3) popular bulle- 
tins. The first two classes are issued in limited editions and are distributed free 
only to persons cooperating with or rendering the Department some service. Sam- 
ple copies will bo sent if requested, but miscellaneous applicants to receive the 
same regularly or for occasional copies must ai)plyt«) tho Suiierintendent of Docu- 
montSj Union Building, Washington, D. C., to whom all publications not needed 
for otlic'ial use, except circulars and bulletins printed bylaw for free distribution, 
are turned over in accordance with the following i^rovision of the act providing 
for the public printing and binding and distribution of pnblu^ documents; 

‘ * Section 67. All documents at present remaining in charge of the several Execu- 
tive Departments, bureaus, and offices of the Government not required for official 
1160 shall be delivered to the Superintendent of Documents, and hereafter all pub- 
lic documents accumulating in said DepartmentvS, bureaus, and oftices not needed 
for official nso shall be annually turned over to tho Superintendent of Documents 
for distribution or sale.*’ , 

The popular circulars and bulletins treat in a practical way of subjects of par- 
ticular interest to farmers, are issued in large editions, and are for free distribution. 
Under this class are included the Farmers’ Bulletins, of which the following are 
available, and for which applications should be addressed to tho Secretary of 
Agriculture, Washington, D. C., stating both tho number and title of the jmbli- 
cation desired: 

No. 15. Some Destructive Potato Diseases: What They Are and Howto Prevent 
Them. No. 16. Leguminous Plants for Green Manuring and for Feeding. No. 17. 
Peach Yellows and Peach Rosette. No. IB. Forage Plants for the South. No. 19. 
Important Insecticides: Directions for their Preparation and Use. No. 20. Washed 
Soils: IIow to Prevent and Reclaim Them. No. 21. Barnyard Manure. No. 22. 
Feeding Farm Animals. No. 23. Foods: Nutritive Value and Cost. No. 24. Hog 
Cholera and Swine Plague. No. 26. Sweet Potatoes: Culture and Uses. No. 27. 
Flax for Seed and Fiber. No. 28. Weeds, and Howto Kill them. No. 29. Souring 
of Milk and Other Changes in Milk Products. No. 30. Grape Diseases on tho Pacific 
Coast. No. 31, Alfalfa, or Lucern. No. 32. Silos and Silage. No. Jiih Peach Grow- 
ing for Market. No. 84. Meats: Composition and Cooking. No. 35. Potato Culture. 
No. 86. Cotton Seed and Its Products. No. 87. Kafir Corn: Characteristics, Cul- 
ture, and Uses. No. 38. Spraying for Fruit Diseases. No. 39. Onion Culture, No. 
40. Farm Drainage. No. 41. Fowls: Care and Feeding. No. 42. Facts about Milk. 
No. 43. Sewage Disposal on the Farm and the Protection of Drinking Water. No, 
44. Commercial Fertilizers: Composition and Use. No. 45, Some Insects Injurious 
to Stored Grain. No. 46. Irrigation in Humid Climates. No. 47. Insects Affecting 
the Cotton Plant. No. 48. Tho Manuring of Cotton. No. 49. Sheep Feeding. No. 60. 
Sorghum as a Forage Crop, No. 51. Standard Varieties of Chickens. No. 52. The 
Sugar Beet. 

The Department has no list to whom all publications are sent. The Monthly 
List of Publications, issued the first of each month, will be mailed to all who apply 
for it. In i(r the titles of the publications are given, with a note explanatory of 
tho character of each, thus onaoling the reader to make intelligent application for 
such bulletins and reports os are certain to be of interest to him. 

For the maps and bulletins of tho Weather Bureau, requests and remittances 
should be directed to the Chief of that Bureau. For all publications to which a 
nrice is affixed, application must bo made to the Superintendent of Documents, 
Union Building, Washington, D. C., accompanied by the price thereof, and all 
remittances should be made to him and not to llie Department of Agriculture, and 
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Buch remittances should be made by postal money order and not by private check 
or jpoBtage stamps. 

Thfe Superint^dent of Documents is not permitted to sell more than one copy 
of any public document to the same person. 

PUBLICATIONS ISSUED JULY 1, 1896, TO DECEMBER 31, 1896. 

The following publications were issued by the United States Department of 
Agriculture during the period July 1, 1805, to December J31 , 1800. 

Those to which a price is attached, with the exception of publications of the 
Weather Bureau, must bo obtained of the Superintendent of Documents, Union 
Building, Washington, D. C., to whom were turned over all copies not needed for 
official use, in compliance with section 07 of the act providing for the public print- 
ing and binding and tlie distribution of public documents. Remittances should bo 
made to him by postal money order. Applications for those that are for free distri- 
bution should bo made to the Secretary of Agriculture, Washington, D. C. : 


OFFICE OF THE BECEETAHY. Copies. 

Yearbook of the Department of Agriculture for 1894. Px). 608, ])l8. 7, 

figs, 140. September, 1895. Price 50 cents 500, 000 

Yearbook of the Department of Agriculture for 1895. Pp. 656, xds. 10, 

figs. 134, June, 1896. Price 55 cents . 500,000 

The World’s Markets for American Products— Great Britain and Ireland. 

Pp. 93, fig. 1. Bulletin No. 1. August, 1895. Price 5 cents 5,000 

Tlie World’s Markets for Ainoricaii Products— Great Britain and Ireland. 

Pp.ii, 95-155. Supi)lemcnt to Bulletin No. 1. (Reinint.) August, 1895. 

Price 5 cents 10, 000 

The World s Markets for Amc'rican Products — The German Emx)irc. Pp. 

91,1)1.1. Bulletin No, 2. (Reprint.) August, 1805. Price 5 cents.-. 5,000 
The World s Markets for Ainencan Products— France, Px). 74. Bullotin 

No, 3. July. 1895, Price 5 cents 15,000 

Eex>rint. Sept(*inber, 1895 5, 000 

The World s Markets for American Products— Canada. 1^). 67. Bulletin 

No. 4. Sex>tembor, 1 895. Price 5 cents 15,000 

Rex)rint, May, 1896 1,000 

The World’s Markets for American Products — Netherlands. Pp. 76. 

Bulletin No. 5. October, 1895. Price 5 cents 15,000 

The World’s Markets for American Products— Belgium. Pp. 90, Bul- 
letin No. 6. December, 1895. Price 5 cents 7,000 

Reprint, Decera1)or, 1896 500 

The World’s Markets for American Products— Norway. Pp, 08, 1 map. 

Bulletin No. 7. July, 1896. Price 5 cents 4,000 

The World’s Mark(*ts for American Products— Swedim. Pp. 02. Bulletin 

No. 8. November, 1896. Pn<*e 5 cents 4,000 

American Dried Ai)i)les in the German Kmiure. Pxi. 4. Circular No. 2. 

July, 1895 - 10,000 

Reprint, February, 1896 2, 500 

Imports and Exports for 1 893 and 1 894. Pi». 4. Circular No, 3. August, 1895. 50, 000 
An Example for American Farmers and Dairymen. Pj). 3. Circular No. 

4. September, 1805 10,000 

Reprint, February, 1896 3, 500 

Imports and Exports for 1893, 1894, and 1895, Pi). 6. Circular No. 6. 

November, 1 895 - 15, 000 

Reprint, January, 1890 20, 000 

The Treaty of Shimonoseki between China and Japan of April 17, 1895, 
vud Our Possibilities of Trade with Those Couiitrie.s. Pp. 7. Circular 

No. 5. November, 1895 10,600 

Rep. ort of the Secretary of Agriculture, 1805. (Preliminary.) Pp. 04. 

November, 1895 50, 000 

Letter of the Secretary of Agriculture, transmitting, in answer to a resolu- 
tion of the Senate of the 1 2th instant, a statement of the exx)endit ures from 

_ j! 


etc. Pp. 80. Senate Doc. No. 40, 54th Cong. , 1st soss. January, 1890 . _ 1 , 000 

B^ort of the Secretary of Agriculture; being part of the Message and 
Documents communiented to the two Houses of Congress at the begin- ^ 
ning of the first Bes.sion of the Fifty-fourth Coiigress. Pp. 266, chart t, 
January, 1896 — 3, 000 
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Copies. 

Tobacco ; Instructions for its Cultivation and Curing. By John M. EstaSt 
Special Agent. Pp. 8. Farmers’ Bulletin No. 6. (Reprint.) January, * 

1898... 1 10,000 

Reprint, May, 1898 1 0, 000 

Reprint, October, 18^ 20, 000 

Extension of Markets for American Feed Stuffs. Pp. 8. Circular No. 7. 

February, 1890 10, 000 

Letter from the Secretary of Agriculture, transmitting a detailed state- 
ment of the expenditures of all appropriations for the Department of 
Agi'iculturo for the fiscal year ended Juno 90, 1895, including supple- 
mental account to date. Pp. 189. Document No. 25, 51th Coug., 1st »e.ss. 

February, 1890 802 

Arbor Day: Its History and Observance. By N. H. Egleston. Pp. 80, 

figs. 28. March, 1890 10,000 

The Manchester District of England as a Market for Anioricaii Products. 

Pp. 8, fig. 1. Circular No. 8. March, 1890 10,000 

Washed Soils: How to Prevent and Reclaim Tliem. I*p. 2*2, figs, G. Farm- 
ers’ Bulletiu No. 20. (Reprint.) April, 1890 20,000 

Reprint, August, 1890 20, 000 

Statement in Regard to Award of Seed Contract. Pp. 8. April, 189t> ... 7, 000 

Vivisection in the District of Columbia. By dias. W. Dabney, jr. , Acting 

Secretary. Pj). 4. May, 1890 T * . . 12, 000 

Progress of Southern Agriculture. By Chas. W. Dahnoy, jr., Assistant 

Secretary of Agriculture. Pp. 12. June, 1H90 25,000 

Work of the Department of Agriculture as Illustrated at the Atlanta 
Exposition. By Robert E. Wail, Private Secretary to Asalsiaut S^^'cre- 
tary of Agriculture. Pp. 503-522, pis. 8-10, fig. 129, from Yearbook foi 

1895. June, 1890 500 

Canadian Field Peas. By Thomas Shaw, Prof e83< ‘r of An hiial IIusl )andry , 

College of Agriculture of the University of Minnesota. Pp. 223-282, 

from Yearbook for 1895. June, 1890 200 

Soil Ferments Important in Agriculture. By H. W* Wilo 5 % Chief of the 
Division of Chemistry.— Origin, Value, and Reclamation of Alkali Lands. 

By E. W. Hilgard, Professor of Agriculture and Agricultural Chfunia- 
try. University of Cnlibwnia. — Reason.s for Cultivating the Soil, By 
Milton Whitney, Chief of tho Di\ision of Agricultural Soils. — Humus in 
Its Relation to Soil Fi'rtility. By Harry Snyder, Professor of Agneub 
tural Chemistry in tho Univei‘.sity fff Minnesota. Pp. iii, C9 442, id. 2, 

figs. 7, from YeWbook for 1895. Jun'^, 1890 400 

Irrigation for tho Carden and CTroonlionse. By li. R. Taft, Profes-or of 
Horticulture, Michigan Agricultural College. — Tho Health of I^lants in 
Greenhouses, By B. T. (lalloway, Clih'f of tho Division of V(‘gotabIo 
Physifdogy and Pathology. Pp. iii, 233-259, tigs. 49* 50, from Yearbook 

for 1895. June, 1890 " 800 

Tlie Civil Service in tho Department of Agrieulturo. 3*p. 4. Ciiruiur 

No. 5. July, 189ij 2, 500 

Reprint, August, 189G . _ 5, 000 

Imports and Exi)orts for 1893, 1894, 1895. Circular No. 9. October, ISOC. 30, 000 

Reprint. November, 1S9G 20,000 

Course of Wheat Production and llxportaiion in the United States, Can- 
ada, Argentina, Uruguay, Russia, and British India from 1880 to 1890. 

Pp. 8. Circular No. 10. October, 189G 50,000 

Report of the Secretary of Agriculture, 189G. (Preliminary.) Pp. 51. 
November, 1890 30,000 

DIVISION OF AC'COUNTS AND MSBUItSEMENTS. 

Report of the Chief of the Division of Accounts and Disbursements f or 
1895. By F. L. Evans. Pp. iii, 245-204, from Message and Documents, 
Department of Agriculture, 1895. January, 1890 500 

AORIcrLTITRAL SOILS. 

Soil Moisture : A Record of the Amount of Water Contained in Soils dur- 
Slng the Month of May, 1895. Pp. 10, figs. 14. Bulletin No. 1. Septem- 
ber, 1895. Price 5 cents 20, 000 
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Soil Moisture : A Record of the Amount of Water Contained in Boils dur- 
in^he Month of June, 1895. Pj). 16, figs. 19. Bulletin No. 3. October, 

1895. iraco 5 cents 

Soil Moisture : A Record of the Amount of Water Contained in Boils dur- 
ing the Month of July, 1895. Pp. 33, diagrams 20. Bulletin No. 3. 

January, 1896. Price 5 cents 

Tobacco Boils of Connecticut and Pennsylvania. By Milton Whitney, 
Chief of the Division of Agricultural Soils. Pp. iii, 143-155, figs. 4-10, 

from Yearbook for 1894. Bopteml)er, 1895 

Conditions in Soils of the Arid Region. By Milton Whitney, Chief of the 
Division of Agricultural Boils. Pp. iii, 155-164, fig. 11, from Yearbook 

for 1804, Sc^ptember, 1895 

Truck Lands or Ihe Atlantic Seaboard. By Milton Whitney, Chief of the 
Division of Agricultural Boils. Pp. iii, 130-143, figs. 1-3, from Yearbook 

for 1894. September, 1895 

Methods of the Mechanical Antdysis of Soils and of the Determination of 
the Amount of Moisture in Soils in the Field. Pp. 24, fig. 1. Bulletin 

No. 4. May, 1890. Price 5 cents 1 

Reasons for (Cultivating the Soil. By Milton Whitney, Chief of the ]>i\'i- 
siou of Agricultural Boils. Pp. 133-130, from Yearbook for 1895. June. 

1896 - 

Texture of Some Im])ortant S(nl Formation. Pp. 33, lOs. 35. Bulletin 
No. 5, July, 1896 


i>n isiox OF A<a:osTor,oov. 

Alfalfa, or Lucern. By Jared (t. Smith, Assistant Agrostologvst. Pp. 23, 

figv*^. 3. Farmers* Bulletin No. 31. August, 1895 

.Reprint, October, J895 

Bepri nt , Febru a ry , 1 896 

Rej )rint , J une, I H 9 ( ; 

Reprint, Oclobcr, 1896 

A Note KxjX'riinental (irnss (iardeiis. By Jared Cl. Smith. Acting 

Agrostol<\gist. Pp. 4. CircMxlar No. j. Augu.st, 1895 

Grasses as Sand and Soil Biinh'vs. By F. Laiason-Scrjbner, B. Sc., Agros- 
tologisi, Pp. iii, ‘131- J36, from Yearbook for 1891. Au- 
gust, 1895 

Giant Knotw<^od. or Sachaliius By F. Lamson -Scribner. ALa’Ostolonist. 

J^p. 4, figs. 3. Circular No. 5. (Re-|)rint.) October. 1895 

llab*y Vetch, Sand VeU‘h, «)r linssiaii \b tch (V/c/a By F, Lam- 

soA-Scribner, Agr ^stologist, 4, fig. 1. Cireuhir No. 2.' Octubtr, 

1895 . . 

Notes on Grasses and Forage Plants of the Southeastern States. Bv 
Thos. H. Kearney, jr.. Assistant Agrostologist. Pi). 38, figs. 7. Bui- 

letinNo. 1. November, 1895. Price 5 cents 

Sultbushcs. By Jared (r. Smith, Assistant Agi*osU>logisi. 4, figs. 3. 

Mfiroh, 1896 J 

FoddfT and Forage Plants, Kxc-lusive of the Grasses. By ,)ared G. Smitli, 
Assistant A gT-ostologist. Pp. 58, figs, 5. Bulletin No.* 3. August, 1896. 

Price 5 cents 

Useful and Ormiiiiuntal Grasses. By F. Ijam.son-St'ribiicr, Agrostologibt. 

Pp, 119, figs. 89. Bulletin No. 3. October, 1896, Price 10 cents 

The Renewing of Worn Out Native Pastures. By Thomas A. Williams, 
Assistant A grost ologist. Pp. 4, figs. 4. Circular No. 4. November, 189tL 
Grans Gardens. By F. Lamson-Scribner. B. Sc.. Agrostologist. Pp. 301- 
308, figs. 68-69, from Y'earbook for 1895 (Reprint.) July, 1896. _ 
Forago Conditions of the Prairie Regions. By Jared G. Smith, Assistant 
Agrostologist. Pp. 309-334, figs. 70-74, front Yearbook for 1895. (Re- 
print.) July, 1896 

Grasses of Salt Marshes. By F. Lamson-Scribnor. B. Si*. , Agrostologist. 

Pp. 335-333, figs. 75-79, from Y'carbook for 1895. (Reprint. ) J uly, 1 896- 
Canadian Field Peas, By Thomas Shaw, Professor of Animal Hus- 
bandry in College of Agriculture of the Universit 3 ^ of Minnesota. — 
Grass "Gardens. By F. Lamson-Scribner, B. Sc., Agrostologist.— For- 
age Conditions of the Prairie Regions. By Jared G. Smith, Assistant 
Agrostologist.— Grasses of Salt Marshes. By F. Lamson-Scribner, B. 
Sc., Agrostologist. Pp. iv, 228-233, 801-833, figs. 46-48, 68-79, from 
Yearbook for 1895. July, 1896 
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640 YEARBOOK OF TUB U S. OEPASTUENT OF AGRICUp^UBB. 

BtJREAU OF ANIMAL INDUSTRY. 


ThB Dai^ Herd: Its Formation and Management. By Henry E. Alvo«d, ‘ 

M. S. C, E. Pp. iii, 295-316, from Yearbook for 1894. (Reprint.) Au- 
gust, 1895 1,600 

The Federal Meat Inspection. By D. E. Salmon, D. V. M., Chief of the 
Bureau of Animal Industry. Pp. iii, 07-80, from Yearbook for 1894. 

August, 1895 500 

Rules and Reflations Governing the Operations of the Bureau of Animal 
Industry^; also, the acts of Congress under which they are made. By 
Dr. D. E. Salmon, Chief of the Biireau of Animal Industry. Pp. 46. 

Bulletin No. 9. August, 1895 5,000 

The Pasteurization and Sterilization of Milk. By E. A. do Bchweinitz, 

Ph. D., Biochemic Laboratory, Bureau of Animal Industiy. Pp. iii. 

52-59, from Yearbook for 1894. August, 1805 2, 000 

Reprint, June, 1890 2,000 

A Noaular Tseniasia in Fowls. By Veranus A. Moore, Chief of the 
Division of Animal Pathology, Bureau of Animal Industry. Pp. 4, figs. 

2. Circular No. 3. September, 1895.. 5,000 

Some Practical Suggestions for the Suppression and Prevention of 
Bovine Tuberculosis. By Theobald Smith, M. D., Chief of the Division 
of Animal Pathology, Bureau of Animal Industry. Pp. iii, 217-330, 

from Yearbook for 1894. October, 1895. 5, 000 

Investigations Concerning Infectious Disea&>os Among Poultry. By Theo- 
bald Smith, Ph. B., M. D., and Veranus A. Moore, B. S., M. 1)., under 
the direction of Dr. D. E. Salmon, Chief of the Bureau of Animal Indus- 
try. Pp, 90, pis. 6. Bulletin No, 8. October, 1895. Pidce 15 cents 2,500 

Reprint, February, 1896 2, 500 

Report of the Chief of the Bureau of Animal Industry for 1895. By D. B. 

SalELim. Pp. iii, 97-109, from Message and Documents, Department 

of Agriculture, 1895. January, 1890 500 

Crossing of Improved Breeds of Swine with the Common Hogs of Florida. 

Pp. 4. Circular No. 4. January, 1890 10,000 

Hog Cholera and Swine Plague. By D. E. Salmon, D. V. M., Chief of 
the Bureau of Animal Industry. Pp. 16. Farmers’ Bulletin No. 24. 

(Reprint.) February, 1896 30,000 

Reprint, March, 1896 20, 000 

Reprint, December, 1896 15, 000 


Cornstalk Disease* and Rabies in Cattle. An Investigation into the 
Nature, Cause, and Means of Preventing the Cornstalk Disease {Tox~ 
mnia maidis) of Cattle. By Veranus A. Moore, B, S., M. D. — A Dis- 
ease in Cattle not Distinguishable from Rabies. By Veranus A. Moore, 

B. S., M. D.— Chemical Examination of Cornstalks Presumably the 
Cause of Cornstalk Disease in Cattle. By E. A. de Schweinitz, M. D., 

Ph. D. Investigations conducted under the direction of Dr. D. E. 

Salmon, Chief of the Bureau of Animal Industry, Pp. 93, ids. 2. 

Bulletin No. 10. February, 1896, Price 10 cents 3,000 

Statistics of the Dairy. Compiled from the United States Census for 1890, 
and from Other Reliable Sources, with Explanatory Notes. By Henry 
E. Alvord, C. E., Chief of the Dairy Division, under the direction of 
Dr. D. E. Salmon, Chief of the Bureau of Animal Industry. Pp. 58, 

diagrams 5, map 1. Bulletin No. 11. March, 1896. Price 5* cents 10,000 

Tenth and Eleventh Annual Reports of the Bureau of Animal Industry, 

for the Years 1893 and 1894. Pp. 127. March, 1896 30,000 

Actinomycosis, or Lumpy Jaw. By D. E. Salmon, D. V. M., Chief of 
the Bureau of Animal Industry. Pp. 88-91, from Tenth and Eleventh 
Annual Reports of the Bureau of Animal Industry. Circular No. 7, 

March, 1896 5,000 

Black Quarter. By D. E. Salmon, D. V. M., Chief of the Bureau of 
Animal Industry. Pp. 84-87, from Tenth and Eleventh Annual Reports 

of the Bureau of Animal Industry. Circular No, 6. March, 1896 5,000 

The Direct Transmission of Infectious Entero-liepatitis in Turkeys. By 
Veranus A. Moore, Chief of the Division of Animal Pathology. Pp. 8, 

figs. 7. Circnlar No. 5. March, 1896.... * 5,000 

Injuries to Cattle from Swallowing Pointed Objects. By Theobald Smith, 

M. D., and Charles F. Dawson, D., D. V. S. Pp. 78-81, from Tenth and 
Seventh Annual Reports of the Bureau of Animal Industry. Circular 
No. 8. March, 1896 3,000 



F0SLICAT$t)NS ISSUED JULY 1, 1895, TO DECEMBER 81, 1896. 641 

OopIdSr 

Check L^tof the Animal Parasites of Chickens (Gallns domestictts) . By. 
All^rtTEassall, Zoological Laboratory, Bureau of Animal Industry, 

Pp. 7. Circular No. 9. April, l,00a 

List of the State Dairy Commissioners and Associations of Dairymen in 
the United States and Canada for 1890. Pp. 0. Circular No. 11. April, 

1896 10, 009 

Check List of the Animal Parasites of Turkeys (Meleagris gallopa vo) . By 
Albert Hassall, Zoological Laboratory, Bureau of Animal Industry. 

Pp. 8. arcular No. 12. May, 1890 1, 009 

Butter Substitutes. By E, A. de Schweinitz. Biochemic Laboratory, Bu- 
reau of Animal Industry, Pp. 445-452, from Yearbook for 1895. June, 

1890 : 209 

The Manufacture and Composition of Cheese. By Henry E. Alvord, Chief 
of the Dairy Division, Bureau of Animal Industry. Pp. 453-474, figs. 

120-122, from Yearbook for 1895. Juno, 1890 209 

Inefficiency of Milk Separators in Removing Bacteria. By Veranus A. 

Moore, Chief of the Division of Animal Pathology, Bureau of Animal 
Industry, 1^.431-444, figs. 112-119, fromYearbook for 1895. June. 1890- 299 

Inefficiency of Milk Separators in Removing Bacteria. By Veranus A. 

Moore, Chief of the Division of Animal Pathology, Bureau of Animal 
Industry. — Butter Substitutes. By E. A. do Schweinitz, Biochemic 
Laboratory, Bureau of Animal Industry.'— The Manufacture and Con- 
sumption of Cheese. By Henry E. Alvord, Chief of Dairy Division, 

Bureau of Animal Industry. I^p. iv, 431-474, figs. 112-122, from Year- 
book for 1 895. J une, 1 890 800 

Check List of the Animal Parasites of Ducks. By Albert Hassall , Zoolog- 
ical Laboratory, Bureau of Animal Industry, Pp. 7. Circular No. 33. 

June, 1896 1,509 

Tapeworms of Poultry. Report ux)on the Present Knowledge of the Tape- 
wonns of Poultry, By C . H. W ardcll Stiles, A . M. , Ph . D. Bildiography 
of the Tapeworms of Poultry. By Albert Hassall, M, R. C. V. S. Pp. 

88, pis. 21 . Bulletin No. 12. July, 1890. Ihrice 15 conts_ 3, 000 

Check List of the Animal Parasites of Ceese (A user aascr-domestieus). 

By Albert Hassall, Zoological Laboratory, Bureau of Animal Industry. 

Pp. 5. Circular No. M. July, 1890 2,009 

Check List of the Animal Parasites of Pigeons (Cohimha liria (hmiestica). 

By Albert Hassall, Zoological Laboratory, Bureau of Animal Industry. 

Pp. 4. Circular No. 1 5, August, 1890 2, 000 

Regulations Concerning Cattle Transportation ; Special Quarantine Orders. 

Pp. 7. August, 1896 3,000 

Tuberculosis Investigations. The (;Jrowth of the Tuherculosw Bacillus 
Upon Acid and Media. By E. A. de S<*hweiuitz and Marion Dorset.—- 
Further Experiments with an Attenuated Tiihercnlosis Bacillus, By 
E. A. de Schweinitz and E. C. Schroeder,— The Effect of XnbtTculin 
Injections Upon the Milk of Healthy and Diseased Co\ys. By E. A. do 
Schweinitz. Prepared under the direction of Dr, D. E. Salmon, Chief 
of the Bureau or Animal Industry, Pi). 27, pis. 2, figs. 7. Bulletin 

No. 13, September, 1896. Price 10 cents 2,509 

Facta About Milk. By R. A. Pearson, B. Sc. , Assistant Chief of the Dairy 
Division, Bureau of Animal Industry. Pp. 29, figs, S. Farmers’ Bul- 
letin N o. 42. September, 1890 50. 000 

Dairying in California. By Prof. E. J. Wickson, M. A., Ihiiversity of 
California, under the direction of Dr. D. E. Salmon, Chief of the Bureau 
of Animal Industry. Pp. 33, map J. Bulletin No. 14 (Dairy No. 5). 

October, 1 890. Price 5 cents 8, 000 

Statistics of Dairy. Compiled from the United States Census for 1800, and 
Other Reliable Sources, with Explanatory Notes. By Henry E, Alvord, 

C. E,, Chief of the Dairy Division, under the direction of DV. D. E. Sal- 
mon, Chief of the Bureau of Animfil Industry". Pp. 53, diagrams 5, map 
t . Bulletin No. 11 (Dairy No. 1 ) . Price 5 cents. (Reprint. ) October, 

1890 1,009 

The Dairy Industry in Nebraska, South Dakota, and North Dakota. By 
John H. Monrad, Special Expert Agent, Dairy Division, under the direc< 
tion of Dr. D. E. Salmon, Chief of the Bureau of Animal Industry. Pp. 

21. Bulletin No. 16 (Dairy No. 7). December, 1890, Price 5 cents 4, 609 

12 a06 41 
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DIVISION OF BOTANY. 

f -CopiM. 

Coritribnti(ms from 4)b.© U. S. National Herbaritam, VoL III, ITo. & Flora 


cJf the Sand Hills of Nebraska. By P. A. Eydberg, Pp. t, 2, 

fig. 1. September, 1S95. (Eachan&ted) 9,SOO 

Contributions from the U. S. National Herbariiiin, Vol. M, No. 4. Bs^ort 
on a Collection of Plants made by J.. H. Sandberg and Assistants in 
Northern Idaho in the Year 1892. By John M. HoMnger. I^i).v,205-- 

287. V. November, 1-895. (Exhausted),.. 2,r>00 

Contributions from the U. S. National Herbarium, Vol. Ill, No. 5. 
on Mexican Umbellifcrflei, Mostly fi*om the State of Oaxaca, Eooe»ntly 
Collected by C. G* Pringle and E. Nelson. By dolHi M. Coulter ana 
J. N. Bose.— De’scriptions of Plants. Mostly New, from Mexico and the 
United States, BytT. N. Eoso. Pjx. v. 289-1128, ii, jds. 5-16. Becemljer, 

1895. (Exhansted) 2,500 

Contributions from the U . S. N ational Hefrbariuni, Y oL. HI. No . 6. Botany 

of y akutat Bay, A1 aska. By Frederick V. CJo ville. With a Field Eeport 
by Frederick Funston. Pp.iii, 825-353, ii. Janmaiy.lBJKi. (Eriiausled) . 2,500 

Contributions from the U. S. National Herbarium. Vol. HI, No. 7. Pre- 
liminary Bevision of the Noitli American Species of Echinocactnar, 

Cerens, and Opuntia. By John M. CJoulto. iii, 855-402, iv. Ax>ril, 

1 896. Price It) cents 2, 500 

Contributions from the IT. S, National Herbarium, Vol. HI, No. 8. Flora 

of the Black Hills of South Diikola. By P. A. Eydberg. Pp. v, 408-536, 

iv, pis. 17-20. Juno, 1890. Pl’ioe 1 0 cents 2, 500 

Eopriiit, N ovember , 1896 500 


Contributions from the U. S. National Herbarium, Voi. Ill, No. 9. 1. Flora 
of Southwestern Kansas. Eepori. on a Collection of Plants made by O, 
H. Thomi)Son in 1893. By A. S. Hitchcock. II. Crepis Occidentalisand 
its Allies. By Frederick V. Coville. III. Plants from the Big Hoin 
Mountains of" Wyoming. By J. N, Eoso. IV. Leibergia, a NewOen-as 
of Umbelliferae from the Columbia Biver Begion. By JcDhn M. Coulter 
and J. N. Bose, V* Boseanthus, a New Genus of Oucm*bitaoe»> from 
Acapulco, Mexico. By Alfred Oogniaux. Pp. v, 587-012, vai, ids. 21-28i. 


August, 1896. Price 10 cents 2, 500 

Pure Seed Investigation, By Gilbert H. Hicks, Assistant, Division of 
Bo tan V, Pp, iii, 389-408, hgs. 88-91, from Yearbcrok for 1894. Soidember, 

1895 8,000 

"Weeds; and How to Kill Theiii. Lyster H. Bewey, Assistant Botanist. 

Pp. 31 , tigs. 1 1. Farmers’ Bulletin No. 28. (Beprint. ) October, 1 895. _ 25, 000 

Ecpriiit, January, 1 890 40, 000 

Eeimnt, Set>tember , 1 890 80, 000 

The R ii.ssiau Thistle. By Lystor H. Dewey, Assistant, Division of Botany. 

Pp. 8, figs. 3. Circular No. 3. Bevised edition. Booembcr, 1895 15,000 

Legislation Against Weeds. By Lyster H. Dewey . Pj). 60. Bulletin No. 

17. January, 1896. Piice 5 cents 1,500 

Standards of the Pmity and Vitality of Agricnltural Seeds. By GiJ]>ert 
H. Hicks, Assistant, Division of Botany. Pp. 4. Circular No. d. May, 

1890 5, 000 

Tumbling Mustard (zS/.s/Ambr/'/tm uUimhfium). By Lyster H. Dewey, 

Assistant Botanist. Pp, 8, figs. 3. Circular No. 7. June,1H90 5,000 

Some Additions to Onr Vegetable Dietary. By Frederick V, Coville, 
Botanist. Pp, 205-214, figs. 37-45, from Yearbook for 1895. June, 1890. 500 

Oil-i>roducing Seeds. By Gilbert PI, Hicks, Assistant, Division of Botany. 

Pp. 1 85-204, figs. 26-36, from Yearbook for 1 895. June, 1896 500 

Testing Seeds at Home. By A. J. Pieters, Assistant, Division of Botany. 

Pp. 1 75-1 84, figs. 23-25. from Yearbook for 1895. June, 1896 1 , 000 

Crimson Clover Hair Balls. By Frederick V. Coville, Botanist. Pp. 4, 

figs. 3. , Circular No. 6. July, 1896 5,000 

Flora of Southwestern Kansas. Beport on a Collection of Plants made 
by C. H. Thomj^son in 1 893. By A. S, Hitdiooclc. Pi), iv, 537-557, from 
Contributions from tJio U. S. National Herbarium, Vol, III, No. 9. 

August, 1896 - 1 00 

Plants from the Big Horn Mountains of Wyoming. By J. N. Bose. 
Leibergia, a New Genus of Umbelliferte from the Columbia Eiver Be- 
. gion. By Jolm M, Coulter and J. N. Bose. RoHeanthas,a New Genus 
, of Ouctirbitacea> from Acapulco, Mexico. By Alfred Cogniaux. Pj). iv, 

567-578, figs. 27 and 28, from Contributions from U. S, National Herba- 
rium. Vol. Ill, No. 9. August, 1896 200 



FUBl4lC41^I0NS ISSUED JUDY 1, 1895, TO DECEMBER 31, 1896. 


Two Hundrod Weeds: How to Know Thom and How io Kill Them. By 
Lystfer H, Dewey, Assistant, Division of Botany. Pp. 21, from Year- 
book for 1895, Jnly, 1896 


DIVISION OF CHEMISTRY. 

Mineral Phosphates as Fertilizers. By H. W. Wiley, Chemist, Pp, iii, 

177-192, figs. 16 and 17, from Yearbook for 1894. August, 1895 

Analyses of Cereals Collected at the World’s Columbian Exposition and 
Comparison with other Data. By Harvey W. Wiley, Chief of Division 
of Ohemietry. Pp. 57. Bulletin No, 45. September, 3895, Price 5 

cents - - 

Culture of the Sugar Beet. By H. W. Wiley, Chemist of the Department 
of Agriculture and Director of the Dejiartment Sugar Experiment Sla- 
tion in Nebraska. Pp. 24, figs. 9. Farmers’ Bulletin No. 3. (Reprint.) 

January, 1896 - 

Reprint, April, 1896 

Methods of Analysis Adopted by the Association of Official Agricultural 
Chemists, September 5, 0, and 7, 1895, Edited by Harvey W, Wiley, 
Secretary, with the Collaboration of L. L. Van Slyko and W. D. Bige- 
low, Editorial Cuiinnittee. Pp. 84, figs. 4. Bulletin No. 40. Febrnarj% 

1896, Price 5 cents 

Zinc in EvajKirated Apjiles. By Harvey W. Wiley, Chief of the Division 
of Chemistry. Pp. 38. Bulletin No. 48. April, 1896. Price 5 cents. 
Proceedings of the Twelfth Annual Convention of the Association of 
Official Agricultural C'liemists, lield in Washington, D. C., September 5, 
0, and 7, 1895, Edited by Harvey W, Wiley, Secretary of the Associ- 
ation. Pp. 172, figs. 2, Bulletin No. 47. April, 1896. Price 10 cents . 
Soil Ferments Important in Agriculture. By Harvey W. Wiley, Chief of 
the Division of Chemistry, Pp. 69-102, figs. 2, from Yearbook for 1895. 
June, 1890 


DIVISION (.)F li.NTOMOLOCiY, 

Mexican Cotton Boll Weevil {Anthonovmsf gramlia Boh.), By L. O. 
Howard, Entomologist, Pp. 6. (Si>anish edition.) Circular No, 6, 

July, 1895 

Insect Life, Vol, Vll, No. 5. Pp, iii, 301-448, v, figs. 37-48. August, 1895. 

Price 5 cents 

Some Scale Insects of the Orchard. By L. O. Howard, M. S., Entomolo- 
gist. Pp. iii, 2 19-276, figs. 20 “42, from Yearbook for 3 894. August, 1895. 
The More Important Ins^‘cts Injurious to Stored Grain. By F. H. Chit- 
tenden, Assistant Entomologist. Pp. iii, 277-294, figs, 43-51 , from Year- 
book for 1894. Angast, 1895 

Revisitm of the AphelininaB of North America, a Subfamily of Hymon- 
opterous Parasites of the Family Chalcididae. By L. O. Howard, Ento- 
mologist. I^p. 44, figs. 14. Tecimical Bulletin No. 1, Sei)tember, 1895. 

Price 5 cents 

The Hessian Fly {Crekiomyia dvsiruvfor Say), By C. L. Marlatt, First 
Assistant Entomologist. Pp. 4. Circular No. 12. September, 1895 . _ 
Important Insecticides : Directions for their Preparation and Use. By C. 
L. Marlatt, First Assistant Entomologist. Pp. 20. Farmers’ Bulletin 

No. 19. (Reprint.) January, 1890 

Reprint, April, 1S96 

The Honey Beo : A Manual of Apiculture. By Frank Benton, M. S. Pp. 
118, pis. 11, figs. 70, Bulletin No. 1, new series. January, 1896. Price 

15 cents 

Reprint (Congressional), April, 1896 

Proceedings of the Seventh Animal Meeting of the Association of Eco- 
nomic Entomologists. Pp. 300, fig. 1. Bulletin No. 2, new series. 

January, 1896. Price 5 cents - 

Mosquitoes and Fleas. By L. O. Howard, Enlomologiht. Pp. 4. Circu- 
lar No. 18. February, 1896 

Insects of the Year in Ohio. By F. M, Webster, Wooster, Ohio. Pp. 

84-91, from Bulletin No, 2, new series. February, 1896 

General Work Against Insects Which Defoliate Shade Trees in Cities and 
Towns, By L. O. Howard, Entomologist. Pp. 4. Circular No. 15. 
March, 1896 


643 

Copies. 

2.500 

500 

5.000 

10,000 

20,000 

1.000 

5.000 

1.000 
200 


5.000 
5, 500 

1.000 

1.000 

2,000 

5,000 

25,000 

25,000 


1,000 
20, 000 

2.000 

5.000 
100 < 

2.000 
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The Mexican Cotton Boll Weevil. By L. O. Howard, Entomolo^st. Pp, 

8, %s. 5. Circnlar No. 14, revision of Circular No. 6. March, 18®6 — 5,000 

The ^n Jose Scale: Its Ocotirrence in the United States, with a Pull 
Account of Its Life History and the Remedies to he Used against It. 

By L. O. Howard and C. L. Marlatt. 1^. 80, frontispiece, figs. 8. Bul- 
letin No. 3, new series. March, 1896. Price 10 cents 2,500 

The Grass and Grain Joint- worm Flies and Their Allies : A Consideration 
of Some North American Phytophagic Eurytomina>. By L. O, Howard, 
Entomologist. Pp. 24, figs. 10. Technical Bulletin No. 2. March, 1896* 

Price 6 cents 1, 500 

Some Mexican and Japanese Injurious Insects Liable to be Introduced 
into the United States. Pp. 56, figs. 6. Technical Bulletin No. 4, new 

series. May, 1896. Price 5 cents 1,500 

ElPicudoo Gorgojo Mexicano de la C4psula del Algodou {Anthmumns 
gramlis) . By L. O. Howard, Entomologist. Pp. 8, figs. 5. Circular 

No. 14. May, 1896 3,000 

Revision of the Nematiiiin of North America, a Hubfamily of Leaf-feeding 
Hymenoptera of the Tenthredinidae. By C. L. Marlatt, First Assistant 
Entomologist. Pp. 135, jd. 1, figs. 10. Technical Bulletin No, 3. June, 

1896. Price 10 cents 1,000 

The Principal Insect Enemies of the Grape. By C. L. Marlatt, First 
Assistant Entomologist. Pp. 385-404, figs. 94-105, from Yearbook for 

1895. June, 1896 500 

Important Insecticides; Directions for their Preparation and Use. By 
C.L. Marlatt. Farmers’BulletinNo. 19. Pp. 24. (Reprint.) July, 1895. 20,000 
The Larger Cornstalk Borer {Diainea saccharalis Fab.). By L. O. How- 
ard, Entomologist. Pp. 3, figs. 3. Circular No. 16. September, 1896.. 5,000 

The Peach Tree Borer. By C. L. Marlatt, Assistant Entomologist. Pp. 

4, fig. 1. Circular No. 17, second series, November, 1896 5,000 

The Principal Household Insects of the United States. By L, O. Howard 
and C. L. Marlatt, with a Chai>ter on Insects Affecting Dry Vegetable 
Foods. By F. H. Chittenden. Pp. 130, figs. (f4. Bulletin No. 4, new 

series. October, 1 896. Price 10 cents 5, 000 

Insects Affecting Cereals and Other Dry Vegetable Foods. By F. H. 
Chittenden, Assistant Entomologist. Pp. 112-130, figs. 52-64, from 
The Principal Household Insects of the United States, Bulletin No. 4. 

N ovemher, 1896 200 

Bibliograjdiy of the More Important Contributions to American Economic 
Entomology. By Samuel Heiishaw. Part V— The More Important 
Writings of Government State Entomologist and Other Contributors to 
the Literature of American Economic Entomology. L-Z. Pp. 179. 

(Congressional) . December, 1896_ 1, 000 

Insects Affecting Cereals and Other Dry Vegetable Foods. By F, H. 
Chittenden, Assistant Entomologist. Pp. 112-130, figs. 52-64, from 
The Principal Household Insects of the United States, Bulletin No. 4. 

(Reprint.) December, 1896 200 

Proceedings of the Eighth Annual Meeting of the Assixiiation of Economic 
Entomologists. Pp, 100, figs. 5. Bulletin No. 6, December, 1896. Price 

10 cents 2,000 

Insects Affecting the Cotton Plant. By L. O. Howard, Ph. D,, Entomol- 
ogist. Pp. 315-350, pis. 4, figs. 9-29, from Bulletin No. 33, Office Experi- 
ment Stations (The Cotton Plant.) December, 1896 500 

The Shade-tree Insect Problem in the Eastern United States. By L. O. 
Howard, M. S., Entomologist. Pp. 301-384, figs. 83-93, from Yearbook 
for 1895. July, 1890 500 


OFFicK OF p:xpekiment stations. 

Experiment Station Record. [A condensed record of the contents of the 
bulletins and reports issued by the Agricultural Experiment Stations of 
the United States, and also a brief review of agiieultural science of the 


world.] Price 5 cents each. 

Vol.VI, No. 10. Pp. vi, 851-944. (Reprint.) October, 1895 1,000 

Vol. VI, No. 11. Pp. vi, 945-1032. July, 1895 8,000 

Reprint, October, 1895 - 1, 000 

. Vol. VI, No. 12. Pp. 1083-1134, xiL March, 1896 6,000 

imprint, April, 1896 500 

Vol. VII, No. 1. Pp. V, 74, figs, 2. September, 1896 8,000 
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lixperiment Station Record— Continued. Copies. 

Vol. VII, Ho. 2. Pp. vii, 75-166, pig. 2. September, 1895 8,000 

Vol. VII, No. 3, Pp. vi, 167-263. November, 1895 8,000 

Vol.Vn,No. 4. Pp. V, 361-843. January, 1896 6,000 

Repaint, September, 1896 1, 000 

Vol. VlI, No. 5. Pp. V, 343-434. February, 1896 6,000 

VoL VII, No. 0. Pp. Vi, 435-534. May, 1896 6, 000 

Vol. VII, No. 7. Pp. V, 585-633. May, 1890 6,000 

Vol. VII, No. 8. Pp. V, 633-723. June, 1896 6,000 

Vol. VII, No. 9. Pp. V, 733-814, August, 1896 6,000 

Vol. VII, No. 10. Pp. vi, 815-901. September. 1896 6,000 

Vol. VII, No. 11. Pp. vi, 903-996. October, 1896 6,000 

Vol. VIII, No. 1. Pp. vi, 1-94. November, 1896 4,000 

Vol, VIII, No. 3. Pp. vi, 95-176. November, 1896 4,000 

Vol, VIII, No. 3. Pp. vi, 177-3(J8. December, 1896 4,000 

Souring of Milk and Other Changes in Milk Products. Pp. 23. Farmers’ 

Bulletin No. 29. August, 1895 50,000 

Reprint, October, 1895 25, 000 

Reprint, February, 1890 20, UOO 

Reprint, March, 1896 30, 000 

Reprint, December, 1890 15,000 

The Rape Plant ; Its History, Culture, and Uses. By Thomas Shaw, Pro- 
fessor of Agriculture in the Ontario Agricultural College. Pp. 20, figs. 

4. Farmers’ Bulletin No. 11. (Reprint.) October, 1895 4,000 

Reprint, January, 1896 15,600 

Peanuts : Culture and Uses. By R. B. Handy, of the Ofliee of Experiment 
Stations. Pp. 34, fig. 1. Farmers' Bulletin No. 35. (Rei)rint.) Octo- 
ber, 1895 12,000 

Reprint, April, 1896 10,000 

Reprint, October, 1896 3,000 

Foods : Nutritive Value and Cost. By W. O. Atwater, Ph. D., Professor 
of Chemistry in Wesleyan University. Pp. 33, charts 3. Farmers’ 

Bulletin No. 33. (Reprint.) October, 1895 10,000 

Reprint, January, 1896 30,000 

Reprint, February, 1896 35,000 

Reprint, J uly. 1890 20, 000 

Silos and Silage. By Charles B. Plumb, B. 8. , Professor of Auimal Indus- 
try and Dairying in Purdue University and Director of the Indian Agri- 
c ultural Experiment Station. Pp. 31 , figs. 1 0. Fanners’ Bulletin N o. 33. 

November, 1895 20,000 

Reprint, December, 1 H95 25, 000 

Reprint, March, 1890 20,000 

Reprint, June, 1896 40,000 

Barnyard Manure. By W. H. Beal, of the Office of Experiment Stations. 

Pp. 33, figs. 7. Farmers’ Bulletin No. 31, (Reprint. ) December, 1895. . 25, 000 

Reprint, February, 1896 30,000 

Reprint, June, 1890 25,000 

Reprint, Jxily , 1896 50, 000 

Sweet Potatoes : Culture and Uses. By .1. F. Duggar, of the Office of 
Experiment Stations. Pp. 30, figs. 4. Farmers’ Bulletin No. 26. (Re- 
print. ) February, 1896 10, 000 

Reprint, March, 1896 15,000 

Reprint, June, 1896 10,000 

Reprint, July, 1896 20,000 

The Feeding of Farm Animals. By E. W. Allen . Ph . D. , Assistant Director 
of the Office of Experiment Stations. Pj). 83. Farmers' Bulletin No. 

33. (Reprint.) February, 1896 30,000 

Reprint, March, 1896 100, 000 

Reprint, September. 1896 50,000 

Meats: Composition and Cooking. By Chas. D. Woods, of the Office of 
Experiment Stations. Pp. 29, figs. 4. Farmei's* Bulletin No. 34. (Re- 
print.) February, 1896 * 20,000 

Reprint, March, 1896 80,000 

Reprint, J uly, 1896 20, 000 

Forage Plants for the South. By S. M. Tracy, M. S., Director of the Mis- 
sissippi Agricultural Experiment Station. Pp. 30, figs. 17. Farmers’ • 

Bulletin No. 18. (Reprint.) March, 1896 15,000 

Reprint, June, 1896 20,000 
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Leguminous Plants for Green Manuring and for Feeding. By H W. 
Allen, Ph. D., Assistant Director of the Office of Experiment Btatious. 

Pp. 24. Farmers’ Bulletin No. 16. (Reprint.) March, 1896 

Fertilizers for Cotton. By J. M, McBryde, Ph, D., President of A^rginia 
Agricultural and Mechanical College and Director of Virginia Agnctil 
tural Experiment Station. Pp, 81. Farmers’ Bull<?tiu No. 14. (Re- 
print.) March, 1806 

Potato Culture. By J. F. Duggar, of the Office of Experiment Stations. 

Pp. 23, figs. 2. Farmers’ Bulletin No. 85. March, 1896 

Reprint, April, 1896 

Reprint, June, 1806 

Kahr Corn: Charac*toris*tics. Culture, and Uses. By C. C. <TC-orgeson, Pro- 
fessor of Agricult.ure in Kansas State Agricultural College. Pp. 12, 

fig. 1. Farmers' Bulletin No. 37. May, 1890 

Reprint, June, 1896 

Proceedings of the Eighth Annual C’onvention of the Association of 
American Agricultural Colleges mid Experinujiit Stations, held at Wash- 
ington, D. O., November 13-15, 1891. Edited by A. O. True, for the 
Office of Experiment SUitioiis, and H. H. Gootlell, for the Executive 
Committee of the Association. Pp. 98. Bulletin No. 24. July, 1895. 

(Exhausted) 

Agricultural Inv'estigations at llotham6te<l, England, during a period of 
fifty years. Six lectures delivered under the provisions of the Lawes 
Agricultural Trust. By Sir Joseph Henry Gilbert, M. A., LL. D., 
F. R. S., otc., under tho auspices of the Association of American Agri- 
cultural Colleges and Exj )erinient Stations, in November, 1 898. Pp. 8 1 6, 
frontispiece, pis. 2, figs. (>. Bulletin No. 22. July, 1S05. (Exhausted) . 
Cotton Seed ana Its Products. Pp. 16. Fanners’ Bulletin No. 86. March, 

1890 

Reprint, June, 1896 

Onion Culture. By B, L. Watts, B. Agr. , Instructoa.’ in Horti<‘ult ure at tho 
University of Tennessee, an<l Horticulturist of tho Tennasseo Agricul- 
tural Experiment Station. Pp. 81, figs. 3. Farmers’ Bulletin No. 89. 

May, 1896 

Reprint, October, 1896 

Scientific Work of the Department of Agriculture. Address by Dr. Chas. 
W. Dabney, jr., Assistant Secretary of Apiculture, before the Omven- 
tion of the Association of American Agricultural Colleges and Experi- 
ment Stations, held at Washington, D. C. , November 18-15, 1894. Pi), ii, 

68-6?, from Bulletin No. 24. August, 1895 

Education and Research in Agriculture in the United States. By A. O. 
True, Ph. D., Director of tho Office of Experiment Stations. Pi), iii, 

81-116, from Yearbook for 1894. Aupst, 1895 

Dairy Bacteriology. By H. W. Conn, Pn. D. , Professor of Bio'ogy in W es- 
leyan University. Pp. 40. Bulletin No. 25. August, 1895, Price 5 

cents 

Food and Diet. By W. O. Atwater, Ph. D., Professor of Chemistry in W es- 
leyan University, Director of Storrs (Conn.) Experiment Station, and 
Special Agent of the U. S. De]>artmont of Agriculture in Charge of 
investigations of Food and Nutrition. Pp. iii, 357-888, and 547 -558, figs. 

80-83, from Yearbook for 1894. Septeinl^er, 1895 

Reprint, March j 1890 

Agricultural Experiment Stations: Their Objects and Work, By A. C. 
True, Director of the Office of Experiment Stations. Pp. 16. Bulletin 

No. 26. Sepiemljer, 1895. Price 5 cents 

HaiidT)ook of Experiment Station W ork. A Popular Digest of the Publica- 
tions of the Agricultural Experiment Stations in tlio United States. Pp. 
411, (Reprint.) Bulletin No. 15, November, 1895. Price 25 cents . - 

Reprint, »Soptciiil>er, 1891 

Report of tho Director of tlie Office of Experiment Stations for 1895. By 
A. C. True. Pp. iii, 131-143, from Message and Documents, Deimrtment 

of Agriculture, 1805. January, 1890 

Canaigro. By A. 0. True, Director. Pp. 4, fig, 1. Circular No. 25. 

(Reprint, ) March, 1 896 

Broom Com. By A. C. True. Pp. 4, Circuhar No. 28. January, 1896- 
Work and Expenditures of Agricultural Experiment Stations, By A. 0. 
True, Director. Pp, 4, Circular No. 29. March, 1896 


Copies. 


20,000 


15. 000 

50.000 
50, 000 
50,000 


20, 000 
20,000 


4,000 


6,000 

20,000 

20,000 

40.000 

80.000 


250 


2,000 


10,000 


10, 000 

5,000 


20, 000 


1,000 

4.000 

1,500 

500 

1.000 

1,000 
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Copies, 

TeMS of Qale of the Card Index of Agricultural Literature, Pp. 2. 

li&ch, 1890 - - 500 

Organization Lists of the Agricultural Experiment Stations and Institu- 
tions with Courses in Agriculture in the United States. Junxiary, J 896. 

Pp. 93. Bulletin No. 27. April, 1896. Price 25 cents 1 . 500 

Food and Diet. By Prof. W. O. Atwater. (Charts 20 by 40 inches. 

From the Office of Experiment Stations.) Chart 1 ; Nutrients of Food 
and Their U.ses in the Body. Chart 2: (Jompositioii of Food Materials — 
Nutrients, lief use, and Fuel Value. Clmrt 3: Pecuniary Economy of 
Food— Amount of Nutrients Obtained in Different Materials for 10 cents. 

Chart 4: Dietaries and Dietary Standards— Quantities of Nutrients and 
Energy in Food per Man per Day. April, 1890. Price, tinned, $1 ; not 

tinned. 75 cents 1, 000 

Reprint, September, 1890 4 . 000 

Dietary Studies at tho U niversity of Tennessee in 1895. By Chas. E. W ait, 

Ph. D. , F. C. S. , Professor of Chemistry, University of Tennessee. With 
Comments by W. O. Atwater and Chas. D, Woods. Pp. 45. Bulletin 

No. 29. May, 1890. Price 5 cents - - 1.000 

Proceedings of the Ninth Annual Convention of thci Association of Ameri- 
can Agricultural Colleges and Experiment Stations, held at Denver, Colo. , 

July 10-18, 1895. Edited by A. C\ True, for the Office of Experiment 
Stations, and H. H. Goodell, for tho Executive Committee of the Asso- 
ciation. Pp. 100. Bulletin No. 80. May, 1890. Price 10 cents __ 1.500 

Irrigation for tho Garden and Greenhouse. By L. R. Taft, Profes.sor of 
Horticulture, Michigan Agricultural College. Pp. 233-246, figs. 49-52, 

from Yearbook for 1895. June, 1896 200 

Origin, Value, and Reclamation of Alkali Lands. By E. W. Hilgard, 
Professor of Agriculture and Agricultural Chemistry, University of 
California. Pp. 103-122, pi. 2, figs. 3-7, from Yearbook for 1895. .Inne, 

1806 200 

Tho Chemical Composition of American Food Materials. By W. O. At- 
water, Ph. D., and Chas. D. Woods, B. S. Pp. 47, figs. 1. Bulletin No. 

28. May, 1896. Price 5 cents 4,000 

Humus in its Relation to Soil Fertility. By Harry Snyder, Professor of 
Agricultural Chemistry in tho College of Agi*iculturo of tho University 

of Minnesota, Pp. 131-142, from Yearbook for 1895. June, 1896 200 

Permanent Elements in Experiment Station Work. By A. C. True, Di- 
rector of Office of Exixoriinent Stations. Pp. 4. Circular No. 30. June, 

1896 2,000 

Farm Drainag(’. By (4. Elliott, C. E., inember of the American Soci- 
ety of Civil Engineers, Peoria, 111. Pp. 24, ligs. 5. Farmers’ Bulletin 

N 0 . 40. June, 1 896 50, 0(K) 

Fowls, Cax’o and Feeding. By J. Watson, B. Agr., M. S., Profes.sor of 
Agriculture in Pennsylvania State College and Agriculturist of the Penn- 
sylvania Agricultural Exixsriment Station. Pp. 24, figs. 4. Fanners’ 

Bulletin No. 41. July, 1896 100, OOO 

Dietary Studies at the University of Missouri in 1805, and Data Relating 
to Broad and Meat Consumption in Missouri. By H. B. Gibson, S. Cal- 
vert, and D. W. May, University of Missouri. With Comments by W. 

O. Atwater and Charles D. Woods. Pp. 24. Bulletin No. 31. Ati- 

gust, 1 890. Price 5 cents 3, (K)0 

Reprint, September, 1896 500 

Dietary Studies at Purdue University, Lafayette, Ind., in 1805. By Win- 
thropE. Stone, Ph. D., Professor of Chemistry, Pur due University. With 
Comments by W. O. Atwater and Charles D. Woods. Pp. 28. Bulletin 

N o. 32. August, 1890. Price 5 cents 4, 000 

Reprint, September, 1896 500 

Sewngo Dis|>osai on tho Farm, and tho Protection Drinking Water. By 
Theobald Smith, M. D., Professor in Harvard University, Pathologist to 
the Massachusetts State Board of Health, etc. Pp. 20, figs. 8. Farm- 
ers' Bulletin No. 43. September, 1896 50, 000 

Commercial Fertilizers: Composition and Use. By Edward B. Voorhees, 

M. A., Director of the New Jersey Agricultural Experiment Stations 
and Professor of Agriculture in Rutgers College. Pp, 24. Fanners’ 

Bulletin No. 44. September, 1896 25, (JpO 

Reprint, December, 1896 ' 15,000 
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Physiolomcal R61e of Water in Plants* By Edmond Gain, Professor of 
Agriciutural Physiology and Chemistry, University of Nancy, Franoe. 
Pp. 21, fig. 1, from Experiment Station Record, Vol. Vlil, No. 1, 

November, 1896 

Some Books on Agricnlture and Agricultural Science Published in 1898- 
1896. Compiled under the supervision of A. 0. True, Ph. D., Director 
of Office of Experiment Stations. Pp. 176. Circulai* No. 81. Novem- 
ber, 1896 

Irrigation in Humid Climates. By F. H. King, Professor of Amcultural 
Physics, College of Agriculture, University of Wisconsin, Physicist of 
the Wisconsin Agricultural Experiment Station. Pp. 27, fig. 4. Farm- 
ers^ Bulletin No. 4 6. December, 1 896 

• The Cotton Plant : Its History and Botany, Chemistry, Culture, Enemies, 
and Uses. Prepared under the supervision of A. C. True, Ph. D., Di- 
rector of the Office of Experiment Stations. With an Introduction by 
Charles W. Dabney, jr. , Ph . D. , Assistant Secretary of Agriculture. Pp. 
433, pis. 4, figs. 32. Bulletin No. 33. December, 1896. Price 3D cents _ 


Copies. 

c 


200 

1,000 


15,000 


1,000 


OFFICE OF FIBER INVESTIGATIONS. 

A Report on the Cultivation of Ramie in the United States, with State- 


ments Concerning the Practice in Foreign Countries, Cost of Cultivation 
and Percentages of Yield, the Machine (Question, and Preparation of the 
Fiber for Manufacture. By Chas. Richards Dodge. Special Agent. Pp. 

03, pis. 5, figs. 7. Bulletin No. 7. August, 1895. Price 10 cents 5, 000 

Facts Concerning Ramie. By Chas. Richards Dodge, Special Agent in 
Charge of Fiber Investigations. Pp. hi, 443-460, pis. 4 and 5, tigs. 

111-115, from Yearbook for 1894, October, 1895 200 

Flax for ^ed and Fiber in the United States, By Chas. Richards Dodge, 

Special Agent of Fiber Investigations. Pii. 16. Farmers’ Bulletin No. 

27. (Reprint.) Noveml^er, 1895 ' 5,000 

Reprint, March, 1896 20, 000 

Hemp Culture. By Chas, Richards Dodge, Special Agent in Charge of 
Fiber Investigations. Pp. 215-222, from Yearbook for 1895. June, 1896- 500 

A Report on the Culture of Hemp and Jute in the United States, with 
Statements Concerning the Practice in Foreign Countries, the Prepara- 
tion of the Fiber for Market, and Remarks on the Machine Question. 

By Chas. Richards Dodge, Special Agent. Pp. 43, pis. 3, figs, 4. Report 

No. 8, December, 1896. Price 10 cents.- 4,000 


niVISION OF FORESTRY. 


Some Foreign Trees for the Southern States. Prepared under the direction 
of B. E. Femow, Chief of the Division of Forestry. Pp. 32, pis. 3. Bul- 
letin No. 11. October, 1895. Price 5 cents 5, 000 

Forestry for Farmers. j3y B. E. Fernow, Chief of the Division of Forestry. 

Pp. V, 461-500, figs. 116-130, from Yearbook for 1894. Octol)er, 1 895 10, 000 

Timber: An Elementary, Discussion of the Characteristics and Properties 
of W ood. By Filibert Roth , Special Agent in Charge of Timber Physics, 
under the direction of B.E.- Femow, Chief of the Division of Forestry. 

Pp. 88, figs. 49, Bulletin No. 10. December, 1895. Price 10 cents 10, 000 

Facts and Figures Regarding our Forest Resources Briefly Stated. Pp. 

8. CircularNo.il. February ,*1896 5,000 

Economic Desiring of Timber Trestle Bridge. Bjr A. L. Johnson, C.E. 
Prepared under the direction of B, E. Fernow, Chief of the Division of 
Forestry. Pp. 57, figs. 7. Bulletin No. 12, February, 1896. Price 5 

cents 3,000 

Southern Pine — Mechanical and Physical Properties. Pp. 12, figs. 4, Cir- 
cular No. 12. April, 1896 5, 000 

Forest Fire Legislation in the United States. Pp. 8. By B, E. Fernow, 

Chief of the Division of Forestry. Circular No, 13. -^ril, 1806 10, 000 

Is Protection Against Forest Fires Practicable? By B. E^Fernow, Chief 

of the Division of Forestiy. Pp. 4. Circular No. 14. May, 1 896 10, 000 

TJie Relation of Forests to Farms. By B. E. Fernow, Cliief of the Division 
of Foi^try. Pp. 833-340, figs, 80-82, from Yearbook for 1895. June, 1890, 600 

Reprint, July, 1896 400 
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Copies, 

Tree PlantiBjg^ in the Western Plains, By Cliarles A. Koifer, Assistant 
Chief, Divfiion of Forestry. Pp. 341-360, from Yearbook for 1805. 

June, 189$ 100 

Climate, Soil Characteristics, and Irrigation Methods of California. By 
Charles W. Irish, Chief of the Office of Irrigation Inquiry. Pp. 475-486, 

pis. 6 and 7, figs. 123-127, from Yearbook for 1 895. June, 1 HOG 800 

The Lessons of Erosion Due to Forest Destruction. (Chart, size 30 i by 48^^ 

inches*) October, 1896 T 600 

The Timber Pines of the Southern United States. By Charles Mohr, 

Ph. D. Together with a Discussion of the Structure of Their W ood. By 
Filibert Roth. Prepared under the direction of B. E. Fernow, Chief of 
the Division of Forestry. Pp. 160, pis. 27, figs. 18. Bulletin No. 13. Oc- 
tober, 1896. Price 35 cents 1 , 000 

LIBRARY. 

List of Publications of the U. S. Department of Agriculture from 1841 to 

June 30, 1895, inclusive. Pp. 76. Bulletin No. 9. February, 1H96 1,000 

Reprint, May, 1896 _ 1 , 000 

A Pioneer in Agricultural Science. By W. P. Cutter, Librarian. Pp. 

493-502, fig. 128, from Yearbook for 1895. June, 1896 200 

Accessions to the Department Library Aiuil-Jnne, 1895. Pp. 11. Bulle- 
tin No. 7. (Quarto.) August, 1895 750 

Accessions to the Department Library July-Sei^ternber, 1895. Pp. 11. 

Bulletin No. 8. (Quarto.) November, 1895 750 

Accessions to the Department Library October-Deceinbor, 1895. Pj). 14. 

Bulletin No. 10. (Quarto.) February, 1896 750 

Accessions to the Dei>artment Library January-March, 1896. Pp. 15. 

BiUleiin No. 11. (Quarto.) May, 1806 750 

Library Bulletin No. i2. Accessions to the Department Library Ai^ril- 

Juno, 1896. Pp. 14. (Quarto.) August, 1896 750 

Accessions to tlicj Department Library July -September, 1896. Pp. 10. 
November, 1896 750 

DIVISION or ORNlTHOLO<JY AND MAMMAT.OOY. 

North American Fauna No. 10. Revision of the American Genera Blarina 
and Noiiosorex. By 0. Hart Merriam.— The Long- tailed Shrews of the 
Eastern United States. By Gerrit S. Miller, .ir.— Synopsis of the Ameri- 
can Shrews of the Genus Sorex. By C. Hart Merriam. Pp. 124, pis. 12, 

figs. 3. December, 1895. Price 10 cents 2,500 

Reprint, February, 1896 500 

Reprint, July, 1896 1,000 

North American Fauna No. 11. Synopsis of the Weasels of North Amer- 
ica. By 0. Hart Merriam. Pp. 44, pLs. 6, figs. 16. June, 1896. Price 

lOcents 2,000 

Reprint, Septeiul>er, 1890 500 

Preliminary Report on the Food of W oodpeckers. By F. E. L. Beal, Assist- 
ant Ornithologist.— The Tongues of Woodpeckers. By F. A. Lucas, 

Curator, Department Comparative Anatomy, U.S. National Museum. 

Pp. 44, pis. 3, figs. 4. Bulletin No. 7. August, 1895. Price 10 cents.. 5,000 
The Geographic Distribution of Animals ancl Plants in North America. 

By C. Hart Merriam, Chief of Division of Ornithology and Mammalogy. 

Pp.iii, 203-214, figs. 20, from Yearbook for 1894. August, 1894 JlOO 

Hawks and Owls from the Standpoint of the Farmer. By A. K. Fisher, 

M. D., Assistant Ornithologist, Pp. iii, 215-232, ids. 3, figs. 21-24, from 

Yearbook for 1891 . September, 1895 5, 000 

The Crow Blackbirds ana Their Food, By F. E. L. Beal, Assistant Orni- 
thologist. Pp, iii, 233-248, fig. 25, from Yearbook for 1894. September, 

1895 5,000 

ToDguos of Woodpeckers. By F, A. Lucas, Curator, Department Com- 

S arative Anatomy, U. S. National Museum. Pp. 35-i4, pis. 3, from 

bulletin No. 7, September, 1895. 260 

The Common Crow of the United States. By Walter B. Barrows and 
B. A. Schwarz. Pp. 98, pi. 1, figs. 2. Bulletin No. 6. October, 1895. 

Price 10 cents - 10, 000 

Report on the Insect Food of the C^ow, By E. A, Schwarz, Assistant, • * 

Division of Entomology. Pp. 57-07, from Bulletin No, 6. December, 

1895 200 
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Long-tailed Shrews of the Eastern United States. Gerrit S. Miller, jr. 

Pp. ii, 35-6:3, pis. 4-6, fig, 1, from Fauna No. 10. February, 1890 100 

Synopsis the American Shrews of the Genus Sorex. By C. Hart Mer- 
riam, Chief of the Division of Ornithology and Mammalogy. Pt>. ii, 

67-90, pis. 7-13. February, 1B9G 600 

The Ja(‘k Babbits of the United States. By T. S. Palmer, M. D., Assist- 
ant Chief of Division. Pp. 81, frontispiece, jds. 6, figs. 2. Bulletin No. 

8. March, 1806. Price 10 cents 3,000 

Four Common Birds of the Farm and Garden. By Sylvester D. Judd, 
Assistant Ornithologist. — The Meadow Lark and Baltimore Oriole, By 
F. E. L. Beal, Assistant Ornithologist. Pj). 3, 405-430, figs. 106-111, 

from Yearbook for 1895. June. 1896 500 

Pour Common Birds of the Farm and Garden. By Sylvester D. Judd, 
Assistant Ornithologist. Pp. 405-418, figs. 106-109, from Yearbook for 

1895. June, 1896 600 

The Meadow Lark and Baltimore Oriole. By F. E. L. Beal, Assistant 
Oniithologist. Pi). 419-430, figs. 110 and 111, from Yearbook for 1895. 

June, 1896 600 

North American Fauna No. 13. Genera and Snbgenera of Voles and 
Lemmings. By Gerrit S. Miller, jr. Pp. 84, pis. 3, figs. 13. Division 

of Biological Survey. July, 1896. Price 10 cents, 2, 600 

Bird Day in the Schools. By T. S. Palmer, Acting Cliief of Division. 

Pp. 4. Circular No. 17, Division of Biological Survey, July, 1806 1, 600 

DIVISION OF POMOLOGY. 

Sketch of the Belationship between American and Eastern Asian Fruits. 

By L. H. Bailey, jr., Professor of Horticulture, Cornell University, 

Ithaca, N. Y. Pp. iii, 437-443, from Yearbook for 1894. September, 

1895 1,000 

Report of the Pomologist for 189 1. By S. B. Heiges, Pp. 03, pis. 4. figs. 5. 

December, 1895. Pidce 1 6 cents ! 15,000 

Nut Culture in the United States, Embracing Native and Introduced Spe- 
cies. By W. P. Corsa, of the Division of Pomology. Pp. 144, pis. 16 

(3 colored), figs. 3. ((Quarto.) March, 1896. (Exhausted) 1,000 

Small -fruit Culture for Market. By W illiam A. Taylor, Assistant Pomolo- 
gist. Pp. 283-294, pi. 5, from YearlxK>kfor 1895. June, 1896 1,000 

Notes on Peach Culture. By J. H. Hale. Pp. 10, figs. 4. Circular No. 

3, from Report of the Pomoloj^st for 1894. July, 1896 5, 000 

Prune Culture in the Pacific Isorthwest. By E. R. Lake. Pp. 7, figs. 3. 

Circular No. 3, from Report of Pomologi.st for 1894, J uly, 1896 1 , 000 

Nut Culture. By H. M. Engle. Pp. 4. Circular No. 1 . with Additional 
Note by Pomologist. August, 1896 3, 000 

DIVISION OF PCBLIGATIONS. 

Organization of the U. S. Department of Agriculture, and List of Exhibits 
at the Cotton State=» and International Expo.sition, Atlanta, Ga., Sep- 
tember 18, 1895, to January 1, 1896. Pp. 10, pis. 3. (16 mo.) Septem- 

lK^T, 1805 300.000 

Report of the Chief of the Division of Publications for 1895. By Geo. 

\Vm, Hill. Pp. iii, 221-444, from Message and Documents, Department 

of Agriculture, 1895. January, 1896 1,500 

List of Publications of the U, S. Department of Agriculture Turned Over 

to the Superintendent of Documents. Pp. 15, March, 189b 5.000 

Index to the Annual Reports of the U, S, Department of Agriculture for 
the Years 1837 to 1893, inclusive. Pp. 253. May, 1896. Price 15 cents. 1,000 
List of Farmers’ Bulletins Available for Distribution, witli synopsis of 

each. Pp. 4. May, 1896 1,000 

Circulars of Information, with synopsis of each. Pp. 6. May, 1896 2, 000 

Supplemental List of Publications of the U. S. Department of Agriculture 
for sale by the Superintendent of Documents. Pp, 4, September, 1896- 2, 000 

OFFICE OF ROAD INQUIRY. 

Prd^jeedings of the Good Roads Convention of Texas, held at Turners’ 

Hall, in Houston, Tex., February 19, 1895. Pp. 24. Bulletin No. 15. 

July, 1895. Price 5 cents 5,000 
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Historical and Technical Papers on Boad Building in the United States. 
Compiled tinder direction of Roy Stone, Special Agent and Engineer. 

Pp. 52, figs. 7. Bulletin No. 17. August, 1895. Piice 5 cents 

Reprint, June, 1896 

An Act to Ihrovide for the Construction of Roads by Local Assessment, 

County and State Aid. Pp. 3. Circular No. 1.5. Septemlier, 1895 

Addresses on Road Improvement. By Roy Stone, Special Agent and 

Engineer. Pii. 15. Circular No. 14. (Reprint.) September, 1895 

Wide Tires: Laws of Certain States Relating to Their Use, and Other 
Pertinent Information. Compile<l by Roy Stone, Special Agent in 
Charge of Road Inquiry. Pp. IG. Bulletin No. 12, (Reprint.) Sep- 
tember, 1895. Price 5 cents 

Reprint, Juno, 1896 

State Laws Relating to the Management of Roads Enacted in 1888-1893. 
Compiled by Roy Stone, Special Agent in Charge of Road Inquiry. Pp, 

95. Bulletin No. 1. (Reprint.) September, lv895. Price 5 cents 

Information Regarding Roads and Road-making Materials in Certain East- 
ern and ^ioutherii States. Pp. 29, maps 5. Bulletin No. 7. (Reprint.) 

September, 1895. Price 5 cents 

Proceedings of the Good Roads Convention, held in Richmond, Va. , October 
18, 1891. Pp. 02, iig. 1. Bulletin No. 11. (Reprint.) October, 1895. 

Price 5 cents 

Information Regarding Road Materials and Transportation Rates in Cer- 
tain States West of the Mississip])i River. Pp. 24, maps 4, Bulletin 

No. 5. (Reprint.) November, 1895. Price 5 cents 

Information Regarding Roads, Road Materials, and Freight Kates in Cer- 
tain States North of the Ohio Rivei\ Pp. 30, maps 7. Bulletin No. G. 

(Reprint. ) June, 1896. Price 5 cents 

State Laws Relating to the Management of Roads Enacted in 1894:-95. 
Compiled by Roy Stone, Special Agent and Engineer, Pp. 80, Bulletin 

No. 18. Octolxu’, 1895. Prico 5 cents. 

State Laws Relating to tho Management of Roads Enacted in 1894-95. 
(Compiled by Roy Slone, Special Agent and Engineer. Pp. v, 87-124. 

Bulletin No. 18— Supplement. November. 1895. Price 5 cents 

Earth Roads; Hints on Their Construction and Repair. Compiled by Rov 
Stone, SxMScial Agent in Charge of Road Inquiry. Pp. 20, figs. 11. Bul- 
letin No. 8. (Reprint.) Nov<mber, 1895. Price 5 cents 

Reprint, June, 1896_ 

Report of Committee on Legislation Adojited by the Good Roads Conven- 
tion, held in Richmond, Va,, October 10 and 11, 1895. Pp. 6. Circular 

No. 1 8. November, 1895 

State lligliways in IVlassiichusetla. By George A, Perkins, Cliainnan 
Massiichu setts State Highway (."‘ommission. Pp. iii, 505-512, from Year- 
book for 1895. September, 1895 

Improvement of Public* Roads in Nortli Carolina, By Prof, J, A. Holmes, 
State Geologist and Secretary of tho North Carolina Road Improvement 
Association. Pin iii , 513-520, pis. C and 7, from Yearbook for 1894, Sep- 
tember, 1895 

Best Roads for Farms and Farming Districts. By Roy Stone, Special 
Agent and Engineer. Pp. iii, 5Ul-x501, figs. 131-137, from Yearbook for 

1894. August, 1 895 

Origin and Work of tlie Darlington Road League. By Roy Stoiio, Si>ecial 
Agent and Engineer. Pp. C, figs. 3. Circular No, 17. October, 1895. » 

Reprint, June, 1890 

Highway Taxation : Comparative Results of Labor and ISloney Systems. 

Pp. 5. Circular No. 16. (Reprint.) October, 1895 

Best Roads for Farms and Farming Districts. By Roy Stone, Si^ecial 
Agent and Engineer.— State Highways in Massachusetts. By George 
A. Perkins, Chairman Massachusetts State Highway Commission.— 
Improvement of Public Roads in North Carolina, By Prof. J. A. 
Holmes, State Geologist and Secretary of the North Carolina Road 
Improvement Association, Pp. iii. 501-520, pis. C and 7, figs. 131 -137, 

from Yearbook for 1894, January, 1896 

Note on tho Employment of Convicts in Connection with Road Building. 
Compiled by Roy Slone, Special Agent and Engineer. Pp. 15. Bulletin 
No. 16. (Reprint.) April, 1890. Price 5 cents 1 


Copies. 

6,000 

5,000 

5,000 

5,000 

5,000 

5,000 

5,000 

5,000 

5,000 

5.000 

3.000 

5.000 

5,000 

5,000 

5,000 

5.000 

2.000 

2,000 

2, 000 

10, 000 
10,000 

5,000 

5,000 

0 , 0 ^ 
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Oopid0* 

Report on Road-making Materials in Arkansas. By John C. Branner, 
Assistant State Geologist. Pp. 11, Bulletin No. 4. (Reprint.) April, * 

1896. Price 5 cents 4,000 

TraiBSc of the Country Roads. Pp. 4. Circular No. 19. May, 1896 10,000 

Comments on Systems of Maintaining Country Roads. Pp. 7. Circular 

No. 20. May, 1896 10, 000 

Cooperative Road Construction. By Roy Stone, Special Agent and £ngi« 

neer. Pp. 487-492, from Yearboot for 1895. June, 1896 1,000 

State Aid to Road Building in New Jersey. By Edward Burrough, Chair- 
man of the New Jersey State Board of Agriculture. Pp. 20. Bulletin 

No. 9. (Repiint.) June, 1896. Price 6 cents 4,000 

Methods or Constructing Macadamized Roads. Pp. 12. Cii*cular No. 21. 

July, 1896 5,000 

Tennessee Road Circular, Pp. 3. Circular No. 22. August, 1890 5,000 

Money Value of Good Roads to Farmers. By W. C. Latta, Purdue Uni- 
versity, Pp. 4. Circular No. 23. September, 1896 5,000 

Traction Tests. By Samuel T, Meely, Assistant Engineer, Office of Road 
Inquiry. Pp. 22, pis. 2, figs. 7. Bulletin No. 20. September, 1896. 

Price 10 cents - 5, 000 

DIVISION OF STATISTICS. 

Production and Price of Cotton for One Hundred Years. By James L. 
Watkins, Special Agent. Pp. 20. Bulletin No. 9. August, 1895. Price 

5 cents 20, 000 

Reprint, September, 1895. Pp. 10 100,000 

Report of the Statistician for 1895. By Henry A. Robinson. Pp, iii, 

111-129, from Message and Documents, Department of Agriculture, 

1895. December, 1895 15,000 

A Manual of Instructions to Crop Correspondents. New edition, revised 
and corrected. By Henry A. Robinson, Statistician. Pp. 23. June, 

1896 25,000 

Monthly Crop Report, No. 128— July, 1895. To which are appended the 
transportation rates as rec^uirod by law, together with certain railroad 

and transportation statistics. Pp. 23. July, 1895. Price 5 cents 20,000 

Monthly Crop Report, No. 1 29— August, 1895. To which are appended 
the ti*ansportation rates as re<juired by law, together with certain rail- 
road and transportation statistics. Pp. 24. August, 1895. Price 5 cents. 20,000 
Monthly Crop Report, No. 130— September, 1895. To which are appended 
the transportation I'ates as required by law, together with certain rail- 
road and transportation statistics. Pp. 24. September, 1895. Price 5 

cents - 20, 000 

Monthly Crop Report, No, 131 — October, 1895. To which are ai>pended 
the transportation rates as required by law, together with certain rail- 
road and transportation statistics. Pp.20. OctolK^r,1895. Price 5 cents. 20,000 
Monthly Crop Report, No. 132— November, 1895. To which are appended 
the transportation rates as required by law, together with certain rail- 
road and transportation statistics. Pp. 14. November, 1895. Prices 

cents - 20,000 

Monthly Crop Report, No. 133— December, 1895. To which are appended 
the transportation rates as required by law, together with certain rail- 
road and transportation statistics. Pp. 86. February, 1896. Price 5 

cents 10, 000 

Reprint, April, 1 896 500 

Monthly Crop Report, No. 133— December, 1895. (Without transporta- 
tion rates.) Pp. 16. January, 1896. 80,000 

Prices and Numbers of Fann Animals. No. 134— January-February, 1896. 

Pp. 8. March, 1896 172, 500 

Monthly Crop Report, No, 135— March, 1896. Pp. 10, April, 1896 20,000 

Monthly Crop Report, No. 136— April, 1896, Pp. 7. April, 1896 20,000 

Monthly Crop Report, No. 137— May, 1896, Pp. 8. May, 1896 25,000 

Summary of Cotton Report for March, 1896. No. 135. Pp. 4. March, 1896. 65,000 

Crop Report for June, 1896, No. 138— June, 1896. Pp. 8. June, 1896 172,500 

Monthly Crop Synopsis, [A fanr-page summary of the condition, pros- 
pects, yields, price, distribution, and consumption of crops, and the 
f number and value of farm animals. Issued soon after the 10th of each 
month for prompt and wide circulation in advance of the more extended 
monthly crop report, from which it i.s condensed.] 

July, 1895, synopsis. (From Report No. 128) 150, 000 
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Monthly Cro® Synopsis— CJontinued. Copies. 

August* 1895, synopsis. (From Report No. 129) 150, 000 

SeptemiAr, 1895, synopsis. (From Keport No. 130) 153, 600 

October* 1895, synopsis* (From Report No. 131) 153,600 

Novemlier, 1895, synopsis. (From Report No. 132) 153, 500 

December, 1895, synopsis. (From Report No. 133) : 150,000 

March, 1896, synopsis. (Prom Report No. 135) 173, 500 

April, 1896, synopsis. (From Report No. 136) 173,500 

May, 1896, synopsis. (From Report No. 137) 173, 500 

Crop Report for July, 1896. By Henry A. Robinson, Statistician. Pp. 8. 

Report No. 139. July, 1896 172,000 

Crop Report for August, 1896. Pp. 8. Rex)ort No. 140. August, 1896. _ 173,600 
Crop Report for September, 1 896. No. 141. By Henry A. Robinson, Stat- 
istician. Pp. 7. September, 1896 173,500 

Crop Report for October, 1896. By H. A. Robinson, Statistician. Pp. 7. 

October, 1896_ 173,500 

Crop Report for November, 1890. By Henry A. Robinson, Statistician. 

Pp. 4. November, 1896 187,600 

Railway Charges for the Transportation of Wool. July, 1890. Pi). 30. 

Bulletin No. 10. August, 1896 10, 000 

Number and Value of Farm Animals in the United States, and Animal 
Products. 1880 to 1886. Pp. 63. Bulletin No. 11. September, 1896„ . . 50,000 
Acreage, Production, and Value of Principal Farm Crops in tho United 
States, 1 866 to 1 895, with Other Data as to Cotton and W ool. By Henry 
A. Robinson, Statistician. Pp. 8. Circular No. 1 . August, 1890 . . , . 50, 000 

Reprint, September, 1896 30, 000 

The Wheat Crop of the World. Pp. 2. Circular No, 2, from State report 

of March. August, 1896 10,000 

The Farmers' Interest in Finance. By Henry Farquhar, Assistant Statis- 
tician. Pp. 15, figs. 2. Circular No. 3. December, 1896 10,600 


DIVISION OF VEGETABLE PHYSIOLOGY AND PATHOLOCJY. 


Spraying for Fungous Diseases of tho Apple, Pear, and Other Fruits, with 
a Special Consideration of the Subject in its Relations to the Pub- 
lic Health. Pp. 14. Farmers’ Bulletin No. 7. (Reprint.) August, 

1895 - - 10,000 

Grape Diseases on the Pacific Ccast. By Newton B. Pierce, Division of 
Vegetable Physiology and Patliology, " Pp. 15, figs. 3. Farmers’ Bul- 
letin No. 30. August, 1895 - 15,000 

Reprint, October, 1895 10,000 

Reprint, June, 1896 10, 000 

Peach Growing for Market. By Erwin F. Snath, Division of Vegetable 
Physiology and Pathology. Pp. 33, figs. 21, Farmers' Bulletin No. 83. 

January, 1896 30, 000 

Reprint, February, 1896 30,000 

Reprint, J une, 1890 30, 000 

Some Destructive Potato Diseases: What They Are and How to Prevent 
Them. By B. T. Galloway, Chief of the Division. Pp. 8, figs. 3. Farm- 
ers’ Bulletin No. 1 5. (Reprint. ) March, 180() 30, 000 

Peach Yellows and Peach Rosette. By Erwin F. Smith, Special Agent, 
under the direction of B. T. Galloway, Chief of the Division. Pp. 20, 

figs. 7. Farmers’ Bulletin No. 17. (Reprint.) March, 1896 20,000 

Spraying for Fruit Diseases. By B. T. Gallo^vay, Chief of Division of 
Vegetable Physiology and Pathology. Pp. 13, figs. 0. Farmers' Bulle- 
tin No. 38. May, 1896 40,000 

Reprint, July, 1896 30, 000 

The Journal of Mycology, Vol. VII, No. 3, Pp. iii, 65-194, pis. 11-17. 

(Rei)rint. ) July, 1895. (Exhausted) 500 

The Journal of Mycology. Vol, VII, No. 3. Pp. v, 195-33t, pis. 18-31, 

diagrams 4, figs. 3. (Reprint.) July, 1895. (Exhausted) 500 

The Journal of Mycology. Vol. VII, No. 4. Pp. v, 333-478, v, pis. 32-38. 

(Rmirint.) July, 1895. (Exhausted) 500 

The Journal of Mycology. Vol. VII, No. i. Pp. 63, pis. I-IO, figs. 3, 
(Reprint,) July, 1895. (Exhausted) , 501 
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Water as a Factor in the Growth of Plants. By B. Galloway and 


Albert F. W oods, Chief and Assistant Chief of the Division of Vegetable 
Physiology and Pathology. Pp. iii, 165-176, figs, 13-15, from Yearlmk 

for 1B94. Sei)tember, 1895 2,000 

Fertilization of the Soil as Aifecting the Orange in Health and Disease, fey 
H. J. Webber, Assistant, Division of Vegetable Physiology and Pathology* 

Pl>. iii, 19;>-202, figs. 18 and 19, from Yearl!)ook for 1894, October, ISM^ 2, 000 
The Grain Smxits: Their Cause and Prevention. By Walter T. Swingle, 
Assistant, Division of Vegetable Physiology and Pathology. Pp, iii, 

409-420, figs. 92-99, from Yearbook for 1894. August, 1895 2,000 

Reprint, N oveinber , 1 895 - 15, 000 

The Principal Diseases of Citrus Fruits in Florida. By Walter T. Swin- 

f ie and Herbert J. Webber. Pp. 42, pis. 8, figs. 6. Bulletin No. 8. 

lay, 1896. Price 10 oonts 3, 000 

The Cause and Prevention of Pear Blight. By M. B. Waite, Assistant, 

Division of Vegetable Physiology and Patholog 3 \ Pi). 295-900, from 

Yearbook for 1895. Juno, 1890 - 200 

Ileprint, July, 1896 2, 000 

The Two Freezes of 1 89 1-95 in Florida and Wha 1 Tliey Teach. By Herbeit 
J. Webber, Assistant, Division of Vegetable Physiology and Pathology. 

Pp, 159-174, pi. 3, figs. 16-22, from Yearlwok for 1895, June, 189G_.- 400 

Frosts and Freezes as Affecting Cultivated Plants. By B. T. Galloway, 

Chief of the Division of Vegetable Physiology and Pathology. Pp. 143- 

158, figs. 8-15, from Yearbook for 1895. J nne, 1890 1 100 

The Health of Plants in (Treenliotises. By B, T.' Galloway, Chief of Divi* 
fiioii of Vegetable Physiology and Pathology'. Pp. 24T-25G, figs. 53-5<>, 

from Yearbook for 1895. June, 1896 200 

principles of Pruning and Care of Wounds in Woody Plants. By Albei*t 
F. Woods, Assistant Chief, Division of Vegetable Physiology and Pu- 
tliology.— The Cause and Prevention of Pear Blight. By B. Waite, 
Assistant, Division of Vegetable Physiology and Pathology. Pj). iii, 

257-300, figs. 57-61, from Yearbook for 1^5. July, 1896 800 

Principles of Pruning and Care of Wounds in Woody Plants. By Albert 
F. Woods, Assistant Chief, Division of Vegetable Physiology and Pa- 
thology. Pp. 257-268, figs. 57-01, from Yearbook for 1895. July, 1896 200 
The Pineapple Industry in the United States. By Herbert J. Webber, 
Assistant, Division of Vegetable Physiology and Pathology, U. S. De- 
partment of Agriculture. Pp. 269-282, figs. 62-67, from Yearbook lor 

1895. July, 1896 100 

The Pathology of Plants : Lines of Investigation that Might be Under- 
taken by Experiment Stations. By B. T. Galloway, Chief of the l^vi- 
sion of Vegetable Physiology and Pathology, Pp. iii, 725-735, from 

Experiment ^Station Record. Vol. VII, No. 9. August, 1896 100 

Bordeaux Mixture : Its Chemistry, Physical Pi’operties, and Toxic Effwts 
on Fungi and Algfe. By Walter T. Svringle, Assistant, Division of 
Vegetable Phy.siology and Pathology, Pp. 37. Bulletin No. 9, July, 

1896 1,200 

Roi)rint, September, 1896 500 

Copper Sulphate and Germination, Treatment of Seed with Coi>i)Ct Sul- 
j)hato to Preveiit the Attacks of FungL By W alter H. Evans, Pii. D. Pp, 

24. Bulletin No. 10. August, 1896 1,000 

Reprint, September, 1896 500 

Legal Enactments for the Restriction of Plant Diseases : A Cominlation 
of tlio Laws of the United States and Canada. By Erwin F. Smith, 

Division of Vegetable Physiology and Pathology, Pp. 45. Bulletin 

No. 11. August, 1896. Price 5 cents 1,600 

Reprint, September, 1896 500 

A Bacterial Disease of the Tomato, Eggplant, and Irish Potato, By Erwin 
F. Smith, Assistant Pathologist. Bulletin No. 12, Pp. 22, pis. 3. De- 
cember, 1896. Price 10 cents 4, 500 


IVEATHEPv BUREAU. 

Monthly W eather Review. [A summary by months of weather conditions 
throughout the United States, based upon reports of nearly 3.000 rogu- 
• lar fwnd voluntary observers. Quarto size.] Price 1 0 cents each. 

Vol. XXII, Supplement to No. 12. (Annual summary for 1891.) Pp. 
vii, 535-547, charts 3. August, 1895 


3,150 
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Motttkly Weather Eeviow— Continued. Copies. 

. Vol. XXIII, No. 1, January, 1895- Pp. 45, charts 55. July., 1895.. 8, 109 

Vol. XXIII, No. S, February, 1895- Pp. 47-80, cliarts 7. August, 1895- 3, lOO 

Vol. XXIII, No. 3, March, 1895. 81-116, charts 9. September, 1895 _ 8,S50 

Vol. XXIII, No. 4 , April, 1 895. Pp. 117-155, charts 0. October, 1895. . 3, m 

Vol. XXIII, No. 5, May, 1895. Pp. 157-197, charts 8. Novemher, 1895. 8, 950 

Vol. XXIII, No. 0, June, 1895. Pp, 199-239, charts 5. November, 1895. 3,250 

Vol. XXIII, No. 7, July, 1895. Pp. 241-282, charts 8. December, 1 895. 3, 250 

Vol. XXIII, No. 8, August, 1B95. Pp. 283-324, charts 5. January, 1896. 3,500 

Vol. XXIII, No. 9, September, 1 895. Pp. 325-364, charts 6. Februai’v, 

1890 3, 500 

Vol . XXIII, No. 10, Oc'tober, 1895. Pp. 365-407, cdiarts 6. March, 189(». 3, 500 

Vol. XXIII, No. 11, November, 1895. Pp. 409-448, <^arte 8. April, 

1896 : 3,500 

Vol. XXIII, No. 1 2, December, 1895. Pp. 449-487, charts 7. May, 1896. 3. 900 

Vol. XXIII, No. 13. (Annual Summary for 1895.) Pp. vii, 489-501, 

charts 5. J une, 1 896 4, 000 

Vol. XXIV, No. 1 , January, 1896. Pp. 38, charts 7. June, 1896 4, 000 

Vol. XXIV, No. 2, February, 1896. Pp, 89- 68, charts 7. May, 1896.... 4,000 

Vol. XXIV, No. 3, March, 1806. Pp. 69-103, charts 9. July, 1896 3, 750 

Tol. XXIV, No. 4, April, 1 896. Pp. 104-144, charts 9. August, 1896. . 3, 750 

Vol. XXIV, No. 5, May, 1896. Pp. 145-1 92, charts 12. August, 1890 . . 3, 752 

Vol. XXIV, No. 6, June, 1 890. Pp. 191-228, charts 6. September, 1 896. 3, 700 

Vol. XXIV, No. 7, July, 1896. Pi). 229-280, charts 8. <Quai*to.) Octo- 
ber, 1896 3,700 

Vol. XXIV, No. 8, August, 1896. Pi). 281-814, charts 4. November, 

1896 . 3,700 

Vol. XXIV, No. 9, September- 1896. Pp. 315-358, charts C. November, 

1896 .3, 700 

Vol. XXIV, No. 10, October, 1896. Pp, 339-396, charts 5. Deceml)er, 

1896 3, 750 

Climate and Health. Vol. I, No. l—A summary of statisticjs for the four 
weeks ended July 27, 1895. Pp. 25, charts 20. October, 1895. Pric^e 10 

cents 2,0tH) 

Climate and Health. Vol. 1, No. 2 — A summary of statistics for the hve 
weeks ended August 31, 1895. Pp, 27-58, charts 25. November, 1895. 

Price 1 0 cents 3, 000 

Climate and Health. Vol. I, No, 3 — A summary of statistics for the four 
weeks ended September 28, 1895. Pp. 59-82, chai’ts 10. Deex^mber, 1895. 

Price 10 cents 2, OOO 

Climate and Healtln Vol. I. No. 4— A summary of statistics for the four 
weeks ended October 26, 1895. Pp. 83-107. charts 20, December, 1895, 

Piico 1 0 con is - 1 . 800 

Climate and Health, Vol. I, No. 5— A summar}^ of statistics for the five 
weeks ended November 30, 1895. Pp. 109-145, charts 24. January, 1890. 

Price lOoeiits 1. 800 

(Ximate and Health. Vol. I, No. 6 — A summary of statistics for the four 
weeks ended Dt'eeml)er 28, 1895. Pp. 147-174, charts 12. Mai-ch, 1896. 

Price 10 cents 1,900 

Climate and Healtli. Vol. 11, No. l—A summary of statistics for the five 
weeks ended February 1, 1896. Pp. 35, charts 14. April, 1896. Price 

to cents - 1,900 

Climate and Health. Vol. II, No. 2— A summary of statistics for the four 
weeks ended February 29, 1890. Pp. o7-64, ciiarts 12. June, 1896, Price 

10 cents l.fHK) 

Climate and Health. Voh 11, No. 3— A summary of statistics for the four 

weeks ended March 28, 1896, Pp. 65“92, charts 12, July, 1896 1, 900 

Weather Crop Bulletin No. 10. July 1, 1895 3, 500 

Weather Crop Bulletin N o. 1 7. July 8, 1895 3, 500 

Weather Crop Bulletin No. 18. July 15, 1895 3, 500 

Weather (h*op Bulletin No. 19. July 22, 1895 3, 500 

Weather Crop Bulletin No. 20. July 29, 1 895 - 3, 5(K) 

Weather Crop Bulletin No. 21 . August 5, 1895 3, 500 

Weather Croj) Bulletin No. 22. August 12, 1895 3, 500 

Weather Crop Bulletin No. 23. August 19, 1895. 3, 500 

Weather Crop Bulletin No. 24, August 20, 1895. ^ 8, #1*0 

Weather Crop Bulletin No. 25. September 2, 1895 3,600 

Weather Crox) Bulletin No. 20. September 9, 1895 4, 2(H) 
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Weather Crop Bulletin No. 27. September IS, 1895 .1-.. 4, >500 

Weather Crop Bulletin No. 28. September 28, 1895 * 4, 600 

Weather Crop Bulletin No. 29. September 80, 1895 .v « . 4, 700 

Weather Crop Bulletin No. 80. October, 1895 . 8, 500 

Weather Crop Bulletin No. 81. November, 1895 l. 3, 500 

Weather Crop Bulletin No. 32, December, 1895 4, 500 

Climate and Crop Bulletin No. 1 . January, 1896 8, 500 

Climate and Crop Bulletin No. 2. February, 1896 8, 500 

Climate and Crop Bulletin No. 8. March, 1896 8, 600 

Climate and Crop Bulletin No. 4. April 6, 1896 5, 000 

Climate and Crop Bulletin No. 5. April 13, 1896 5, 000 

Climate and Crop Bulletin No. 6. April 20, 1896 5, 000 

Climate and Crop Bulletin No. 7. April 27, 1896 5,000 

Climate and Crop Bulletin No. 8. May 4, 1896 5, 000 

Climate and Crop Bulletin No. 9. May It, 1896 5, 000 

Climate and Crop Bulletin No. 10. May 18, 1896 5, 060 

Climate and Crop Bulletin No. 11 . May 25, 1890 5, 050 

Climate and Crop Bulletin No. 12. Juno 1 , 1896 5, 000 

Climate and Crop Bulletin No. 13. June 8, 1896 5,000 

Climate and Crop Bulletin No. 14. June 15, 1896 4,900 

Climate and Crop Bulletin No. 15. June 22, 1896 5, 000 

Climate and Crop Bulletin No. 16. June 29, 1800 5, 000 

Climate and Crop Bulletin No. 17, for week ending July 0, 1896 5, 179 

Climate and Crop Bulletin No. 18, for week ending July 13, 1896 1 5, 800 

Climate and Crop Bulletin No. 10, for week ending July 20, 1800 5, 200 

Climate and Crop Bulletin No. 20, for week ending July 27, 1896 5, 110 

Climate and Crop Bulletin No, 21, for week peeling August 3, 1896 5, 000 

Climate and Ci*op Bulletin No. 22, for week ending August 10, 1896 5, 200 

Climate and Crop Bulletin No. 23, for week ending August 17, 1896 5, 000 

Climate and Crop Bulletin No. 24, for week ending August 24, 1896 5, 000 

Climate and Crop Bulletin No. 25, for week ending August 31, 1896 3, 920 

Climate and Crop Bulletin No. 20, for week ending September 7, 1896 4, 082 

Climate and Crop Bulletin No. 27, for week ending September 14, 1896. . - 4,000 

Climate and Crop Bulletin No. 28, for week ending September 21, 1896--. 4,000 

Climate and Crop Bulletin. (Series of 1896.) No. 29. September, 1896. 4,016 

Climate and Crop Bulletin , (Series of 1896.) Reporting Temperature 
and Rainfall, with special reference to their effect on crops. (No. 81, 

for the month of November, lvS90) 4,149 

Charts of the Weather Bureau. (Size 19 by 24. ) Climate and Crop Bul- 
letin (series of 1896), reporting temperature and rainfall, with special 
reference to their effect on crops. (No. 30, for the month of October, 

1896) 4, 120 

Storm Bulletin No. 2 of 1895. Lake Storm of November 25 and 20, 1895. 

(Chart. ) N ovember , 1895 534 

Storm Bulletin No. 3 of 1895. Atlantic Coast Storms of December 9 to 12 

and 12 to 15, 1895. (Chart.) December, 1895 2,100 

Storm Bulletin No. 1 of 1896. Coast Storm of February 5 to 7, 1896, 

(Chart. ) February, 1896 8, 100 

Stonn Bulletin No. 2 of 1896. Coast Storm of March 10 to 12, 1896. 

(Chart.) March, 1896. 3,200 

Storm Bulletin No. 3 of 1896. Inland and Coast Stonu of March 16 to 20, 

1806. (Chart.) March, 1896 3,100 

Storm Bulletin No. 4 of 1896. Tornadoes of the Central Mississippi V alley. 

May 27, 1890. (Chart. ) May, 1896 . 2, 200 

Hnrncaiio of September 29 and 30, 1890. (Storm Bulletin No. 5 of 1896.) 

October, 1896 2,800 

Snow Chart. December 9, 1895 600 

Snow Chart. December 23, 1895 600 

Snow Chart. December 30, 1 895 600 

Snow Chart. January 6, 1890 ^0 

Snow Chart. January 13, 1896 600 

Snotir Chart. January 20, 1896 600 

Snow Chart. January 27, 1896 6W 

Snoi^ Chart. February 8, 1896 650. 

StCow Chart. February 10, 1896 800 

Snow Chart. February 1 7, 1896 800 

^ow Chart. February 24, 1896 800 
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Snow Chart. March 2, 1890 SoG 

Snow\^hart. March 9, 1890 aiO 

Snow ( 'hart. March 10,1 BOO 850 

Snow Chart. March 23, 1890 1 _ 850 

Snow Chari. March 30, 1890 8,10 

Snow and Ico Cliarts for December 7 mid 11. Decombor, 1890 850 

Snow and Ice Charts for December 21 and 28. December, 18Ji0 . S50 

Cold Wave Bulletin No. 1 of 1890. Cold Wave of January 2 to 5, 1890. 

(Chart.) January. 1890 . , , 1.200 

Description of Cloud Forms. (Chart with 1 1 illustrations.) April, 1895. 500 

Whiit Meteorology is Doin^? for t)io Farmer. By Mark W. Harrington, 

Chief of the W eatlier Bureau. Pp. iii, 1 1 7-1 20, "from Yearbook for 1894, 

August, 1 895 ,100 

Instructions to Obstu’ vers and C/odo for Enci phering Keiiorts at Cotton- 
region and Sugar and Rice Stations of tiic Weather Bureau. Pxi. 39, 

figs. 10. August, 1895 . 1,000 

Weather (kmditions of th(‘ Chop of 1891. By II. H. C. Dunwoody, Assist- 
ant Chief of Weather Bureau. Pi). 16, figs. 1, from Yearbook "for 1894. 

September, 1895 12,000 

Studies of Weather Types and Storm.s. No. 1 — Tyi)es of Storms in Jan- 
uary. By E. B. Uarriotf. Pp. 4, charts 25. Septfunber, 1895. 300 

Studies of Weather Types and Stornw. Part II. Pp. 26, charts 39. June, 

1896 300 

Instructions for Use of Maximum and Minimum Thermometers. Revised 
edition. Pp. 16, figs. 8, Circular B, Instrument Room. October, 1895. 2,000 
Inatruetionfi for use of the Rain (xaugo. Revised edition. Circular C, 

Iiistrunient Room. October, 1895 2, (X)0 

Instructions for Observers of the Weather Bureau. Pp. 82. November, 

1895 - 1,000 

Report of the Chief of the Weather Bureau, 1894. Pp. 288. December, 

1895 4,000 

Rm)ort of the Chief of the Weather Bureau for 1895. By W^illis L. Moore. 

Pp. iii, 65-96, from Message and Documents, Department of Agriculture, 

1895. January, 1896 * 8,000 

Statistics of State Wt'atla r Services. By Oliver L. Fas^ig, Librarian. 

Pp. 12. February, 1896 600 

The Determination of the Relative Quantities of A(jue(-ns Vapor in the 
Atmosphere by Means of the Absoriition Lines of the Six'etrnm. By 
L. E. Jewell, under tho general supervision of Prof. H. A. Rowland, 
of Johns ll()i)kiiis University. Pp. 12, fig. I, Bulletin No. 10. Feb- 
ruary, 1896 . . - 1,000 

Injury Irom Frost and Methods of Protection. Bv W, il. llammoii, Fore- 

<‘ast Official. Pp. 12. April, 1896 . 7, 000 

The Work of the Weather Bui can in Ci>niie<*tion with the Riveis of the 
United States. J’p. 106, diagrams 3. Bulletin No. 1 T. May, 1896.. . 500 

Departures from Normal Temperatures and Rainfall, with Croj) Yields 
in Nebra.ska. Bv Maj. H. II. C. Dunw()od 3 ’, assigned to duty as Acting 

Assistant Cffiiof." Pp. 30, charts 10. {(Quarto.) May, 1896. ... 1,000 

Report of tho Fourth Annual Meeting of the Ameriean Association of 
Stale Weather Services t!ooperating with the Weather Bureau. U. S. 
Dejiartmcnt of Agriculture, held at Indiaiiax)olis, liid., October 16 and 
17,1895. Pp. 55. Bulh'tiu No. 18. May, 1896. Price 5 cent? 5,000 


Report of the International Meteorological Congress, licld at Chicago, 

111., August 21-2J, 1893, under tho au.siiicos of tho Congress Auxiliary 
of the World’s Columbian Exiiosition. Bulletin il, Part 3. Pp. xix- 
xxi, 585-772, jils, 26-13, fig. 1. Edited by Oliver L. Fassig. Secretary. 

November, 1896 1,000 

Daily Weather Map, showing weather conditions throughout tlie United 
States and giving foi’ecasts of probable changes. 

Temperatures Injurious to F'ood Produela in Storage and during Tnine- 

S ortation, and Methods of Protection from the Same. By 11. E. Wil- 
ams. Chief of Forecast Division. Pj). 20. Bulletni No. 13. (Reprint. ) 

August, 1 896 1 ? 000 

12 ADO 
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658 YBASBOOE OF THS U. 8. DEPABTHFIfT OF MKICOLTOBS. 

AFPBOPKIATIONS FOB THE V. S. BEPABTHEHT OF AQBXCHLTHBE 
FOB THE FISCAZi YEABS EHBIHa ZHHE aO, 1806 4^1) 1897«. 


APPnOPRIATIONS, 1896. 

SftlarieS) Departmont of Agricnl- 

tnro $253,840,00 

CoUectiug affrioultural ntatistles. . 110, 000. 00 

Inquiries z*elating to pttblie roads . 10, 000. 00 

Botanical investigations and ex> 

periments 35, 000. 00 

Investigating the history and hab- 
its of insects 20, 000. 00 

luvestigatlone in ornithology and 

mammalogy - 17,500,00 

Pomological information - 0,000.00 

Microscopical in vcstigations - 2, 000. 00 

Vegetable pathological investiga- 
tions and experiments - 20, 000. Op 

Laboratory, Ifepartment of Agri- 
culture.: 14,900.00 

Beport on forestry - 25,000.60 

Illustrations and engravings - 15, (XX). 00 

Document and folding room 2, (XK). 00 

Experimental gardens and grounds 2J», 6fX). 00 

Quarantiuo stations for neat cattlo. 12, 000. 00 

Purchase and distribution \ 

of valuable seeds $130,0001 

Farmers’ Bulletins &),0n0i 18r>,4<t>.00 

Printing 6,400j 

Experiments in the manufacturo 

of sugar lO,fXX).00 

Agricultural experiment stations 

rfTrXMXK)]! 30.000.00 

Irrigation investigations - 15, fKH). 00 

Nutrition investigations 15,000.00 

Investigations and experiments 
with grasses and forage plants. . 15, O^XK 00 

Investigations in relation to agri- 
cultural 8<rfts 15, 000, 00 

Furniture, cases, and repali’s 10, 000. (X) 

Postage 2,000.00 

Museum 3,(X)i).00 

Fiber investigations 5,^XX».00 

Library 0,(XX).00 

Contingent expenses 25,OIX).00 

Salaries and expenses, Bureau of 
Animal Industry 800,000.00 

Total l,09s,110.00 


AFPROPRIATlOKlSk, 1897. 

Salaries, Department of Agricul- 
ture 3.,. $813,860.00 

Furniture, esnses, and repairs, De- 
partment of Agriculture 12, ODO. 00 

Lihrary, Department of Agricul- 
ture 7,000.00 

Mnseum, Department of Agricul- 
ture * 3,000.00 

Postage, Department of Agricul- 
ture - 3,000.00 

Contingent expenses, Department 

of Agriculture 25, 000. 00 

Animal quarantine stations - 12* 000. 4M) 

Collecting agricultural statist!^. . 110, 000. 00 

Botanical investigations and ex- 
periments - 15,000.00 

Entomological investigations 20,000.03 

Vegetable pathological investiga- 
tions - 20,000.00 

Biologictvl lu vestigations - 17, 600. 

Pomological invt?stigati<ms 6, 000. 00 

Laboratory, Departmont of Agri- 
culture 12,m.(i0 

Forestry in ve-stigations - 20, 060. 00 

Experimental gardens and 

f rounds, Department of Agricul- 

ure - 20,0fX)no 

Soil investigations - 10, OOO. 00 

Grass and forage plant Investiga- 
tions 10,000 00 

Fiber investigation s 5, 000. 00 

Agriciiltnral exi>crlment stations* 

T$750,000j 1 80,000.00 

Nutrition investigations 15,000 Of) 

Public road inquiries 8,000.00 

Pubboations, Department of Agri- 
culture 70,000.00 

Purchase and distribution of valua- 
ble seeds 150,000.00 

Salant?8 and expense.?, Bureau of 
Animal Industry 650, 000. 00 

Total l,664,mw 

Wratfter Dureiut. 


Wf'aihcr Jivrvoxi. 


Salarie.s 164,290.00 

Fuel, lights, and repair.? 8, (XX). 00 

Contingent expenses 10, 000. (X) 

General expenses 703, 320. 00 


Total for Weather Bureau . , . 885, 610. 00 


Grand total 2, 583, 760. 00 


Salarie.?, Weather Bureau 150,540,00 

.TR'uol, liglita, and rtjpairs, Weather 

Bureau 8,000.00 

Contingent expenses, Weather Bu- 
reau 8,000.00 

General expenses, Weather Bu- 
reau 717,232.00 


Total for Weatlier Bureau . . 813, 772. 00 


Grand total 3, 448. 6iJ2. 00 


1 Of this amount, $720,000 is paid directly to the experiment stations by the United States 
Treasury. 
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Abattoii*s and stock yards, ante-mortom inspection of animals 19 

Accounts and Disbursements, Division, organization and duties 558 

Aeration of soil, measures for providing 240, 242, 244 

Agaricuft melleus (mushroom), cause of root rot 249 

Agricultural education. {See Education.) 

experiments, explanations by experts in France 547 

institute at Gembloux, Belgium o64 

products. ( See also Crops. ) 

domestic, exports, 1 892 to 1890, inclusive. . 585 

for 1896, by leading countries of 
destination 589 


exports and imports, 1892 to 1890 

imports, 1892 to 1890, inclusive 

prosperity, basis of general prosperity 

publications, change in method ot distribution 

remarks by Secretary 

schools in Belgium, secondary, examination 

private, encouragement by Cxovernment.. 

societies, distribution of prizes in France 

Government direction in Belgium 

Soils, Division, scoiie of work 

Agriculture, appropriations for the Department, 1896 and 1897 

l^lgian, general characteristics 

change in methods and requirements 

consultative bodies for ideal department 

Department. {See Department of Agriculture.) 

duties and fees of technical committees in French ministry . _ 

duty of a dei)artmont to foster private efforts 

educational institutions having courses 

fundamental principles of a department 

geographic distribution of w'ork of Department 

ideal department, article by E. Tisscrand 

methods of control in France 


585 

591 

52 

09 

89 

G05 

547 

546 

809 

557 

058 

;J02 

544 


554 

545 

008 

545 

15 

548 

540 


necessity for a department 

of settled policy for scientific work of Department.. 

object and character of work of Department 

permanent scientific counselors for ideal department 

pressure of advancing civilization ... 

proportion of scientific vrork in Department 

qualifications of heads of divisions in ideal department 


qualifications of heads of divisions in ideal department . 

minister, or secretary 

scope of work of ideal department 

Secretary. {See Secretary of Agriculture.) 
suggestions as to tenure of office in ideal department . . 

of divisions of work of ministry 

Agrostology, Division, organization and duties 

Anr, hot, use in sterilization of milk 


Alaska, investigation for experiment station 

Alcohol. (Ses also Spirits, distilled.) 

poison destroyed by use 

production from wood 394, 

use to counteract poisoning 

Alpine plants, modifications from effects of cold, aridity, and light 

Amanita mmcaria (poison musbroom), how distinguished from death cup.. ^ 

059 
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INDEX. 


Pago. 

Amu)iiia phalloidcs (death ciii)), occurrence and appearance 144 

American colleges, need of uniformity 865 

hog products, shipments to England 82 

Andalusian chickens, descriiition and advantages 470 

Animal Industry, Bureau. {See Bureau of Animal Indusjtry.) 

decrease in cost of inspection: 20 

inspection of vessels and export animals - 21 

Animals, imported, inspection and quarantine 22 

inspection, cost, payment oy producer . . _ 28 

live, statistics of Britisli imports, 1890 to 1890 80 

tagging, cost, comparisons showing decrease 20 

Antidotes, suggestions against common plant poisons 108, 141, 143, 145 

Apples, American in England, remarks hy Secretary 84 

varieties preferred in England 34 

suggestions to American shippers 85 

Appointments, governing iirinciplo in Department of Agriculture. 12 

new, in Department of Agriculture . . _ 12 

Appropriations, Alaskan agricultural investigation 46 

amounts, 1891 to 1897, inclusive 9 

Department of Agriculture, 1890 and 1897 058 

Division of Publications, relation to increase of work 41 


Argentina, improvements of herds 

sheei) and cattle trade with United Kingdom 

Arkansas River, x)eculiarities and use in irrigation 

volume of How at several points 

Asi)aragus beetles, article by F. H. Chittenden 


25 

25 

175 

175 

341 


common, destruction by heat 847 

life cycle 845 

history and habits 844 

markings; distribution 348 

natural checks ' 846 


remedies 


847 


twelve-spotted, descriidion. life history and habits 851 

introduction and spread 349 

present and probable distribution 350 

remedies 352 


immunity from insects 341 

methods of injury of common beetle 342 

time of danger from beetles 842 

Aspldiotus aurantii, {See Red scale.) 

pern icio^^ns. {See San J ose scale. ) 

Assistant Secretary of Agriculture, duties 555 

Atroiiine, antidote for mushroom i)oi8ou 146 


Bacon, Amencan, low prices in England 82 

and pork, competition with frozen beef and mutton in London 26 

exports to United Kingdom, 1892 to 1896 29 

Bacteria, difference in resistance to heat 440 

relation to cleanliness in dairy 481 

Bailey, L. H., article on “ The improvement of our native fruits’’ 297 

Barberry, growth without spines in moist atmosphere 96 

Barley, acreage and average yield, 1896 667 

production, and value, 1896, by States 667 

influence of weight of seed on earliness of development 819 

potash, withdrawal from soil in cultivation 114, 115 

wholesale price in leading cities of United States, 1892 to 1896 582 

Barnyard manure. {See Manure, barnyard.) 

Beal, F. fi. L., article on The blue jay and its food ” 197 

Beans, experiment with seed of different weights 817 

potash , withdrawal from soil in cultivation 115 

Beef, fresh, export to United Kingdom, 1892 to 1896 29 

salted, export to United Kingdom, 1892 to 1890 29 

Beer. {See Malt liquors.) 

Beetles, ambrosia, actions in case of alarm 426 

characteristics of the larvae 426 

^ r food fungus 422 

forms of excavations 427, 428 

in j uries from operations 422 
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PaRe. 

Beetles, ambrosia, life history 425 

• manner of use of fungi 423 

remedies against attacks 430 

(tree borers) , article by Henry (:r. Hubbard 421 

asparagus, article by F. H. Chittenden . 341 

Beets, requirement of x)ota3h and phosphoric acid 128 

Belgian primary school, sample lesson in agriciilturo 308 

Belgium, agricultural education and research, article by A. C. True 361 

institute at Gembloux, course of study 364 

liberal treatment of special students in agriculture 365 

secondary agricultural schools 365 

Biological Survey, Division, organization and duties 557 

Black locust, usefulness on waste spaces of farm 337 

scale, attacks upon olive in united States 389 

destruction by lieat of climate - 218 

eradication by ladybirds on Cooiicr ranch, California 224 

method of injury and region of oiieration 220 

season of hatching and measures for destroying 221 

year for fumigation 228 

Spanish chickens, description and advantages 466 

Blackberries, development of native varieties 800 

Blue jay and its food, article by F. E. L. Beal 197 

characteristics and geographical distribution- 197 

examination of stomachs- 199 

fondness for nuts . 204 

sumnmry as to usefulness - - 206 

susceptibility of training 198 

testimony as to nest-robbing habit 198 

Bonnier, Dr. Gaston, experiments in modification of i)lant growth 97 

Botany, Division, organization and duties - 557 

Bounty against noxious animals, expense, 1871 to 1895, hy States 00 

(luestion as to results 64 

substitutes 67 

summary of objections 68 

demands for extermination of noxious animals 55 

difficulty of regulating rate 62 

frauds in proof 03 

laws, increase since 1860, results 58 

table of recent payments in five States CO 

legislation, history in United States 57 

system, drawbacks in use to exterminate noxious animals 56 

expenses and losses 59 

objections in detail 61 

Brahma chickens, comparison of male and female 449 

varieties, descriptions, advantages, and weights 448 

Brambles, native, need of development - 304 

Bread wheat, Russian varieties for trial in United States 493 

Breeding (ancestry), importance in selection of seed - 309 

Brocton (Chautauqua) systems of training grapevines-- 514,516 

Brooklyn, N. Y, , steam spraying machine in Prospect Park . . . - 81 

Bucket pump, use in irrigation - 182 

Budding of citrus fruits, dormant; sprig 484 

methods - 480 

selection and care of buds 477 

time for leaving bandage on buds 482 

nn wrajiping of buds 482 

use of young angular wood 481 

use with olive in California 376 

Bunt in wheat, success with preventives 496 

Bureau of Animal Industry, growth of nonpartisan service 17 

necessity for increase of service 17 

organization and duties 556 

Burs, methods of distribution of seeds by animals 272 

Cabbage family, cross fertilization 213 

special means of fertilization , 21 IP 

California, conditions similar to Sicily for olive culture 377 

control of noxious insects 217 
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California^ inetbod of olive culture for Coast Bango bills SIB 

training grapevines 607 

special cultural and climatic conditions 317 

spraying citrus orcbards by steam 70 

thrift and longevity of ohve vL 371 

worst BcaXe insects 230 

Calves, amount and value of manure 618 

statistics of inspection and rejection 10 

Campine chickens, varieties and description 470 

Canada, e:3ports of animals to United States 23 

Canada thistle, manner and extent of distribution 266, 281 

Canadian cattle and sheep, export fi‘om American ports 23 

Canker, fungi as sources in trees 253 

Canning, statistics for fruit and vegetables, United States 506 

Carbolic acid, remarks on use as disinfectant 256 

substitutes as disinfectants 266 

Cardtius art^emis^ manner and extent of distiibution 266, 281 

Cauleton, Mark Alfred, article on “ Improvements in wheat culture ” . . 489 

Carnallite, occurrence and chemical composition 131 

Carpentry, kinds of wood and selection of lumber 401 

Carrot, conversion from annual to biennial 102 


Cara, wagons, etc,, use of timber 

Cattle, American, condition on arrival in Euroi>e 

favorable conditions of Glasgow market 

and mmt trade of Groat Britain, remarks by Secretary 

slaughter of aniinals at landing . , 

sheep from Argentina 

comparison of freights to Liverpool 

J United States with others for English market 

cowpeas as feed 

effect of branding on prices 

exports, 1 892 to 1896, by leading countries of destination 

for 1893 to 1896, numbers and cost of inspection 

feeding standards, Wolff's tables 

freight rates, Chicago to New York, 18T6 to 189() 

immunity from injury by use of formaldehyde as disinfectant 

Mexican, imports with inspection and quarantine 

number on farms, prices, and to tad value, January, 1897, by States, . 

X)erceiitage of loss in shipment 

products, quality in competition 

statistics of inspection and rejection 

Cedar, modifications in different soils 


408 

28 

28 

24 
27 

25 

27 

28 
292 

29 

588 
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261 

22 


27 

19 

91 


Centrifugal pump, use in irrigation 183 

Cereal crops, relation of potaslx and i»hosphoric acid in fertilizer 128 

table showing withdrawal of iiotash from soil 114 

Charcoal, use of waste wood 414 


Clieese, competition with frozen meat on London market 28 

exports for 1896, by leading oountiies of destination 5^ 

Chemistry, Division, organization and duties 556 

Chesnut, V. K., artmle on Some common poisonous plants ” 137 

Chess, distribution with seed wheat 276 


Chickens, some standard* varieties, article by George E, Howard 443 

C^iief clerk of Department of Agriculture, duties 555 

Ohilocorm hivvlnerus (ladybird), efficiency against San Joso scale 227 

Chittenden, F. H., article on ♦‘The asparagus beetles” 841 

Chlorine, use as a constituent in potash fertilizers 129 

Chondrilla, introduction and extent of distribution 380, 282 

Chung Tu Ying, death from mushroom poison 146 

Cimta mm^data, C, virosa hulhifera, C, ragantf, C. tH}kinderi^ notes 142 

Citrus fruits, budding, time and selection of buds 477,478 

general remarks on pre^gation 471 

growth of buds in gmfting 484 

insect enemies in Califomia 330 


location, management, and cultivation of nursery 474 

lopping and cultivation of nursery trees 4B3 

materials for budding 479 

method of forcing buds in grafting 483 
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CStrti 3 fruits, niethods of budding 

• propagation, artick by Herbert J, Webber 

ivopogation, by cuttings 

experiment in root grafting 

inarching as a preventive of injarieB 

methods of grafting 

selection of stodcs 

use of rosin wash as insecticide 

nursery, location and cultivation, transplanting 

Civil service, advantage to Department, remarks of Secretary 

effect on efficiency in Bureau of Animal Industry 

in the Department 

suggestions as to relations to agricultural colleges 

Classified service, Department of Agriculture, places not included 

status in Department of Agriculture 

<^ft grafting, practice with citrus fruit trees 

Climate, adaptation of methods of irrigation 

change, variation in plant growth as a result 

conditions on Great Plains, Montana to Texas 

influence of forest growth 

on development of asparagus beetle- 

relation to time of ripening of cowpeas 

restriction of range of weed seeds 

Clover, difficulty of cleaning weed seeds from seed 

mammoth, method of securing fertilization 

liotash, withdrawal from soil in cultivation 

red, fertilization by bees. 

seed developed by early pasturage 

Coal tar, use against root rot 

Coemloha niufcm, variation of seaside growth from garden 

Cochin chickens, mating in breeding 

vaiieties, advantages, descriptions, weights 

Coffee, consumption per capita, J870 to 1806 

Colorado, use of Arkansas River water in irrigation 

Commercial seeds, pai*t in scattering of weeds 

Conifers, care in growing on wastelands of farms 

setting in nursery rows 

difficulties in growing 

inetliod of planting on abandoned hillside fields 

Cooperage, use of wood for barrels, casks, etc 

Coo]>er, fillwood, destruction of black scale by ladybird on ranch 

Cord wood, reckoning of quantity in standing timber 

Corn, acreage, production and valuo 1800, by States 

disposition of crop of 1896, by States 

farm price December 1, 1^3 to 1890, by States 

fertilization by agency of the wind 

freight rates, Western centers to Atlantic ports, 1893 to 1897 

mixing of varieties at long distance 

potash, withdrawal from soil in cultivation 

production and exports, 1894 to 1890. 

reduction in size by use of amall seed 

reversion of American to European type . 

stover (fodder), care and handlhig 

composition 

conclusions as to use 

conditions affecting value 

different methods of feeding 

digestibility as compared witli other feed - . . . 

feeding; value, article by J. B. Lindsey 

fertilizing constituents 

losses by neglect 

practical feeding 

wholesale price in leading cities of tho United States, 1893 to 1890 

Cotton, acreage, production, etc., 1895 

farm prices, December 1, 1893 to 1890, by States 

potash as protection against leaf blight > 

raw, exports, 1890 to 1890 
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193 

99 
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334 
346 
388 
283 
277 
311 
115 
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339 
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Page, 

Cotton, seed, source of potash and other fertilizing materials 134 

value of bottom bolls for seed 306 

wholesale price in leading cities of United States, 1893 to 1^896 584 

Couch grass, method of distribution 364 

Cowpeas, adaptation to climate 394 

article by Jared G. Smith 287 

characteristics and local names 288 

feeding value of vines 294 

functions of crop - 296 

manner of feeding 293 

methods of cultivation and harvest 291 

origin, varieties, etc - 287 

relation of time of ripening and habit of growth 288 

treatment with fertilizers 296 

yield and value of crop 292 

of seed per acre 294 

Cows. {Sec also Dairy cows.) 

amount and value of manure - - . 616 

exports to United Kingdom, 1893 to 1896 30 

Crab apples, need of amalgamation with domestic apples 304 

Crackers, quality of wheat for flour 494 

Creamery. (aScc Dairy.) 

Creolin, use as substitute for carbolic acid - . 266 

Creosote, use against ambrosia beetles 430 

Crioceris as 2 )cimgii importation into United States 841 

importation 343 

Crops, increase by use of large and heavy seed 317 

principal, average farm price, 1887 to 1896 573 

changes in acreage, 1879 and 1880 565 

prices, 1893 to 1890, by States 578,579 

statistics ^ 559 

wholesale prices in leading cities' of United States, 1893 to 

1896 579 

quantity of potash withdrawn from soil 113 

requirements in use of iiotash and phosphoric acid 128 

table showing annual use of potash in Germany 115 

Cross fertilization, advantages to seed 212 

Crown grafting, practice with citrus fruit irt^es 486 

Crifpiokevius moliteouzkri, use against mealy bug 336 

Cucumbers, provisions for cross fertilization 211 

Cultivation, effect on sterility and fertility of plants 100 

Cuttings, projiagation of citrus fruits - 474 

use in propagation of olive trees _ 374 

Cyanide, use in tuinigation against insects 237 

Cy perns rotund us, method and extent of distribution 274, 281 

Cypress, bald, change in habit of growth because of water supply 94 


manner of appointment as Assistant Secretary of 

Agriculture 12 

John C., and Gblbekt H. Hicks, article on The superior value 

of large, heavy seed” 305 

Daens ojeau injury to olive tree 389 

Dairy, appliances for cleaning 436 

care of utensils, article by R. A. Pearson 431 

cleaning glass and wooden ware appurtenances 435 

of tinware 434 

cow;' method of calculating ration 610 

ration, per capita, daily 611 

cows, results in feeding com stover (fodder) 858 

losses by neglect of cleaning utensils 482 

materials for cleaning 439 

necessity of clean clothing for work 443, 444 

light to good results 448 

need of clean, dry sou in vicinity 443 

® « selection of utensils 483 

suggestions as to building 441 
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Dairy, suggestions as to cleaning 433 

• sterilization 440 

Dairying, pr^ess in United States, 1850 to 1 890, by States 575 

Damping off,” method lor prevention in farm nursery 830 

Dams, points to be considered in building for water storage 177 

Dandelion, variations by growth in Alpine climate 97 

Danish packing business, growth 82 

Darwin, Charles, experiments in cross fertilization . _ 212 

Daucua caroia, method and extent of distribution 272,278,280 

Dayton wash, use against insects in California - 234 

Death cup (poison mushroom), number of cases of poisoning 144 

(piautity causing death 145 

Deciduous plants, injury by black scale in California 220 

Dendroline, use against ambrosia beetles 430 

Department of Agriculture, age and pay of divisional chiefs- 16 

extension of civil-service rules 10 

geographic distribution of work 16 

loss of valuable services by low salaries - 17 

necessity of settled i>olicy for scientific work>_ 14 

object and cliaracter of work - 10 

organization; divisional duties 555 

proportion of scientific work.. 13 

seed selection oxi)eriments 310 

Desiccation. (5'cc Drying out.) 

Dewey, Lystek H., article on Migration of weeds” 263 

Director of scientific work, need in De])artment; of Agriculture 13 

proposed salary 15 

sentiment favoring establishment of ofiico 15 

Disbudding, practice in short sjmr training of grapes 534 

Disease germs, comparative resistance to formaldehyde 260 

experiments with formalin in destruction 260 

sju'cading agencies, control at slaughterhouses 162 

Diseases, animal, checks against at slaughterhouses 166 

control of disseminating agencies at slaughterhouses 163 

of trees, attacks on trunk and branches 252 

prevention of spread from slaughterhouses 161 

Disinfectants, conditions of highest usefulness 257 

some modern, article by E. A. de Schweinitz 255 

summary of conclusions as to formaklohyde 260 

Disinfection, experiments with varying solutions of forinaldehydo 258 

of rooms, use of formiddehydo- . - 261 

remarks on nature 255 

Ditches for irrigation, cMuistructiou and use 190 


Division of Accounts and Disbursements. (.Sec Accounts and Disburse- 
ments, Division.) 

Agricultural Hoils. (See Agricultural Soils, L)i>'ision.) 

Agr( )Stol ogy . ( See Agrostology , Di vis i on. ) 

Biological Survey. {See Biological Surve}% Division.) 

Botany. (.SVo Botany, Division.) 

Cherai stry . ( See Chemistry, Di vi sion . ) 

Entomology. (See Entomology. Division. > 

Forestry. (See Forestry, Division.) 

Gardens and Grounds. (See Gardens and Grounds, Division.) 
Pomology. (*S'cc Pomology. Division.) 

Publications. (See Publications, Division . } 

Statistics. (aScc Statistics, Division.) 

Vegetable Physiology and Pathology. (See Vegetable Physi- 
ology and Pathologjr, Division. ) 

Dogs, agents in siireading disease from slaughterhouses 160 

Dominique chickens, description, advantages, and weights 447 

Dorking chickens, advantages, varieties, and weights 469 

Drainage, care in dairy - 442 

effect in spreading disease from shuighterhouses 156 

relation to potash and other fertilizers 127 

“top dry” of trees duo to lack ^1 

Dressed meats, freight rates, Chicago to Now York, 1875 to 1895 wS 

wholesale prices in Loudon market, statistics 26 
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Draught, effect upon the plains region from Montana to Texas 

Drying out, injuries to trees by reason of 

Durums (macai-oni wheats), region of growth and use 

Duty of water,” factors causing variation 

statement of limits 

Dwarf plants, methods of production — 
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Eeinnococcus hydutidf presence in cattle, hogs, and sheep - 130 

Economics for the farmer, remarks by Secretary 36 

Economies in Depai*tment of Agriculture, relation to efficiency 10 

Education, agiicultural, comparative view in United States 860 

Government aid to private schools in Belgium 806 

needs in United States 870 

recent general organization in Belgium 863 

work i n primary sch ools of Belgium 868 

and research, agricultural, in Belgium, article by A. C. True.> 801 

higher institutions in Belgium 803 

Euitipean method of promoting, compared with American 

method - 801 

Educational institutions having courses in agriculture C03 

Eggs, annual number and weight for Minorca chickens 465 

for Blac^ Spanish chickens 400 

for Leghorn chickens 459 

Brahma, size nnd number 450 

Plymouth Rock, color and weight 440 

VVj^andotte, annual average in nunil)er 446 

Egj'pt, use of cheap labor in irrigation 181 

Eun-leaf beetle, destruction by spraying 82 

Engines, use of steam, gas, and hot-air, for irrigation 186 

English market, prospect for prices for American beef 28 

Engraving, peculiarities of wood required 412 

Ensilage, use of cowpeas 1 203 

Entomology, Division, organization and duties 556 

Erosion, prevention by tree i>lanting B25 

European larch, experiment in lUinois 833 

weeds, predominance in United States 284 

Evaporation, loss of water in irrigation 187 

Evergreens, injury by drying out 243 

treatment to prevent winter blighting 244 

Executive officer, additional need in Department of Agriculture 14 

Exhibitions, agricultural, in France, encouragement and instruction 540 

Expenditures for fiscal years, 1804 to 1807, inclusive 0, 10 

Exijeriments, cooperation of G overnment and individuals in France M7 

results in early sowing of wheat 491 

Exi^eriment station at Gembloux, Belgium. 809 

question of establishment in Alaska 40 

stations, agricultural, locations, directors, and lines of work. . . C04 

call for attention to Department regulations 45 

examination of work and report to Congress 43 

funds and accounts 45 

nutrition investigations 40 

Office, organization and duties 550 

proper functions, mistakes 44 

I)rovince in testing wheat 492 

remarks by Secretary 48 

suggestion of cross breeding of wheat 494 

Exports, cattle and horses, 1892 to 1896, by countries of destination 588 

cheese, 1896, by leading countries of destination 590 

com, 1894 to 1896, inclusive 5S9 

domestic agricultural products, 1892 to 1896, inclusive. 585 

1896, by principal countries of des- 
tination 580 

merchandise, 1890 to 1896 590 

farm products, total increase and percentage, 1890 52 

raw cotton, 1890 to 1896 - 590 

^ ♦ wheat, 1894 to 1896, inclusive 561 

and flour, 1892 to 1896, inclusive 663 
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Fanning mill, use in cleaning seed - - - 307 

Farfd, advantages ftom trees planted in waste places 334 

animals^feeding stuffs, composition, rations * 005 

injury by poison hemlock 143, 143 

number and value in United States, 1808 to 1890 577 

stfltistics 550 

total value in United States, isoi to 1897 570 

machinery, distribution of roots and seeds 373 

manures, anal^i'ses 615 

mortgages, discussion of rates of interest by Secretary 50 

products, feeding stuffs, fertilizing constituents 011 

recent annual sales abroad 52 

wages, American, reason for high average - 54 

women, school for training in Belgium. 307 

Farmer, American, suggestive questions by Secretary 53 

conditions governing marketing of timber . . 419 

economics, remarks by Secretary 30 

rights as to control of county slaughterhouses 165 

suggestion for use of experimental x)lat 136 

Fai'iners’ Bulletins, distribution by Congressmen 39 

publication by Belgian Government 309 

institutes, courses of instruction in Belgium. 307 

seeds, suggestions for home growing 315 

Farmers, condition of American, remarks of Secretary 48, 49 

lecture courses in Belgium 307 

Farming. (,SVe Agriculture.) 

Farmington, Conn., Forestry Club, steam 8i>raying against insects 78 

Feed, advantages of nso of cowpea hay 391 

digestibility of corn stover 354 

value of cowpeas compared with clover and alfalfa 395 

Feeding, best methods with corn stover (fodder) 359 

preparation of com stover 357 

standards , W olff 's tables 600 

stuffs, American, average composition 600 

and farm products, fertilizing constituents 611 

digestibility, table of digestible ingredients 608 

for animals, table of composition, rations (i05 

value of corn stover (fodder), article by J. B. Lindsey 353 

Feldspar, relation to potash and soil formation 108 

Fence rows, nse for tree planting 330 

Fertility of soil, cause of variation in wild plants 94 

Fertilization, cross iiollination as means 310 

methods in production of seed 309 

prevention of root rot 251 

Fertilizer, best kinds of iiotash 137 

function of potash J07 

proportion of lime with kainite 131 

time for plowing in cowpeas 291 

value of stable manure from cowpea hay 390 

Fertilizers, action of cowi>cas in gathering nitrogen 289 

analyses 615 

cereal and leguminous straw as sources of potash 133 

effect of poor drainag-e 127 

potash on other materials 133 

excessive use cause of sterility 100 

experimen ts for cowpeas 295 

formula for i)otash 125 

lil)eral use on citrus nursery. 470 

soils requiring potash 125 

summary of conclusions as to use of potash 134 

test of soil to determine need of potash 110 

Fertilizing constituents of feeding stuffs and farm products 011 

BHber Investigations, Office, scope of work 557 

Flax, potash, withdrawal from soil in cultivation 114 

Floods, prevention of loss by Weather Bin'eau warnings 38 

Floricultui*e, position in Belgian agricultural schools ^^^0 

Florida, method of training young citrus trees for tops 484 



668 


INDEX, 


Florida, iiractice of crown grafting with citrus fruits 

Flowers, organs of seed production 

Flumes, forms and cost for irrigation . 

Fodder. (See aho Corn stover.) 

method of comparison of different hinds 

Food supply, influence uxiori x)roduction of plant varieties 

Foot rot of citrus fruit trees, inarching as a remedy 

jirevention by selection of stocks 

Forage, use of cowpeas 

Forecasts, verification for Weather Bureau - 

Foreign markets, demand for information from section 

section, scoiio of work 

support of American workingmen 

work of section,. object and extent 

Forestry. (See also Wood.) 

Division , organization and duties 

general remarks on tree borers (ambrosia beetles) 

notes on tree planting 

Formaldehyde, action as deodorizer .. 

advantages as a disinfectant 

effect of gas on cattle 

exjieriinents with various solutions . 

odor as objection to use . - . 

l)ercentage in air for disinfection 

solution for destroying smut 

Formalin, experiments against various disease germs 

(formaldehyde), use as disinfectant 

France, choice of permanent technical committees in ministry of agriculture- 

councils in connection with ministry of agriculture 

distribution of prizes through agricultural societies 

methods of control of agriculture , 

grape training 

systems of training grapevines at Medoc and Bordeaux 

Freezing, injuries to trees. 

Freight rates, live stock and dressed meats, Chicago to N ew York, 1875 to 189(L 

on leading crojis, Western cities to Atlantic ports 

United States and River Plato to Liveriiool 

wheat, New York to Liverpool, 1875 to 189G 

Frost, management of olives showing effect 

potash as a protection 

prevention by groves on hilltoiis 

Frozen meats, handling in Euroxieaii markets 

Fruit, statistics of canning in United States 

use by blue jay as food ... 

Fruitfulness, effect of cmltivation 

increase by change to higher latitude or altitude 

Fruits, difficulty of imxirovement 

direction for imiirovement of native varieties 

manner of domestication of native varieties 

native, need of improvement of cultivated kinds 

more varieties . _ 

Xioinis of needed imxirovement 

review of imiu'ovements made 

necessity as element in deveIoi)ment 

our native, imiirovement, article by L. H. Bailey 

semitropical, iiroduction 1889; imports 1891 to 1896 

undeveloped native siiecies 

Fumigation against insects, cost iier tree 

method of handling large tents 

length of time of aiiplication of gas 

time and method against insects 

Fungi, cause of diseases of trees 

cultivation and use by ambrosia lieetles 

difference in forms used by ambrosia beetles 

food of ambrosia beetle 

^ dodgmenfc in dead bark of trees 

Fungicides, formulas for treatment of fungous diseases 

use of lime, salt, and sulidiur wash in California 
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Fun^cides, use of x>otasli salts 184 

Fungous diseases of plants, treatment; formulas for fungicides 025 

tree stems, treatment 254 


Galloway, B, T., and Albert F. Woods, article on “Diseases of shade and 


ornamental trees *’ _ _ . 287 

experiments with, radish seeds of different sizes 92 

Garden culture, use of phosphates 18C 

plants, crossing of varieties ... 213 

Gardens and Grounds, Division, scope of work. . . ... 557 

Garlic, distribution hy farm machinery . 274 

Gas process, insect control in California .. 227 

relation of use to ladybirds in fighting scale insects 224 

Gases in soil, danger to trees 242 

Gasoline motor for spraying, advantages 85 

“ Gassing.” {Sec Fumigation.) 

Germinative power, results of experiment with light and heavy seed 82 1 

Glasgow, market favoi-able to American cattle 28 

Gluten, per cent in ordinary and in Russian varieties of wheat 498 

Grades in irrigating, means for establishing. . „ . . 191 

Grading of streets, cause of “ stag head,” or “ top dry ’ 239 

relation of health of trees to deep filling 242 

Grafting, methods with olive in California- 376 

wax, preparation and use with citrus fruits . 479 

Grain, portion of blue jay’s food 203 

Grape fruit, propagation by seed 472 

use as stock in orange propagation 470 

Grapes, adax^tation to soil and climate.. 303 

advantages and disadvantages of x>cndent training. 528 

balance of root and toi) in xu'uniiig 504 

blocking *’ and “ stripinng ” in pruning 511 

definitions of terms regarding training 500 

develoi)ment of native varieties 297 

discovery of Cax^e, Cawtalja, and other native varieties 300 

distances for setting vines 509 

distribution of buds in pruning 508 

effect on vine of overiwoduction 504 

small fruitage 504 

excess of buds loft in in-uning 504 

formation of “ head ” of vine. 514 

fundamental xu’incixfiea of training 503 

horizontal systems of training 518 

injuries by chlorides in fertilizers 129 

instruments for iwuning ; note 502 

manner and time of renewal of vines by iwuning. . 539 

native, need of minor varieties of Concords, etc 303 

native varieties, importance of imi>rovemont 803 

X)arts of vine to be removed in iwuuing _ 502 

pendent systems of training 527 

position of bearing wood loft in pruning 504 

fruit on trellis 510 

pruning and training, article by E. G. Lodeman 499 

for successive years 508, 509, 511, 512 

puri^oses and methods of training 503 

of priming 501 

question of time of renewal of stem 543 

systems of training 505-539 

time and importance of tying 514 

in growth of vine for construction of trellis 509 

training under glass 527 

ux)on iiosts of American varieties 507 

uxiright systems of training 505 

variety suited to limestone soil 303 

various methods of renewal of canes 541 


wall and greenhouse systems of training 531 

Grass, remarks on climate and methods of growing .• 682 

seed, table showing number, weight, cost, and amount to sow 682 


v/oight and cost of four mixtures 
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Grasses, fertilization by agency of the wind. . Ml 

Great Britain, cattle and meat trade, remarks by Secretary ^ M 

import of moat 29 

Great Plains, alternation of rains and drought, plenty and want 168 

climatic conditions from Montana to Texas 167 

common errors as to aridity and fertility 167, 169 

irrigation, article by Frederick H. Newell 167 

Gullies, prevention by tree planting 825 

Hamburg chickens, advantages and description of varieties 467 

Hams, export to United Kingdom, 1893 to 1896 29 

Hard wheat, characteristics, value, region of growth, and market 493 

wood, basis of classification 695, 897 

- Hawks and owls, erroneous ideas as to habits 628 

Hay, acreage, production, and value, 1893 to 1896 571 

1896, by States 571 

farm price, December 1, 1892 to 1896, by States 578 

relative q^iiality of Eastern and Western timothy 133 

share in distribution of weeds 275 

timothy, comparison with corn stover (fodder) 853,354,855 

wholesale price in leading cities of United States, 1892 to 1890 583 

Hemlock, American water, occurrence; other poison hemlocks 142 

poison, fatal constituent 148 

poisoning, treatment 148 

symptoms of poisoning 148 

Hicks, Gilbert H., and John C, Dabney, article on ‘-The sui^erior value 

of large, heavy seed ” 303 

Hides, use of formaldehyde in disinfection 262 

High schools, United States, suggestion as to agricultural training 366 

Highways, including railways, consumption of wood 405 

. suggestion regardiixg tree planting ,, 3*36 

Hillsides, cultivation of olive in California 877 

Hog cholera, spread from slaughterhouses IGl 

products, American, reason for low prices in England 33 

British imports, statistics of quantity and prices 31, 32 

Danish occupation of British market 33 

Hogs, cowpeas as feed 293 

feeding standards, W olff ’s tables 609 

freight rates, Chicago to New York, 1873 to 1896 598 

infection with trichinosis by eating rats and offal 159 

number and value in the United States, 1868 to 1896 677 

1891 to 1897 676 

on farm, price and toM value, January, 1897, by States 676 

spread of diseases *by use of offal as feetl 156 

statistics of inspection and rejection 19 

Homestead law, effects on farm lands in Eastern States 49, 50 

Honey mushroom, injury to trees by pamsitic growth 349 

Horse power, use in lifting water for irrigation 181 

Horses, American in Englano, remarks by Secretary 33 

amount and value of manure 616 

exports, 1893 to 1896, ^ leading countries of destination 588 

number and value in United States, 1868 to 1896 — 577 

1891 to 1897 674 

on farms, price and total value, January, 1897, by States. . . 574 

Horticulture, secondary instniction in Belgium 366 

Houdan chickens, description, advantages, and weight 468 

Howard, George E. , article on * * Some standard varieties of chickens 446 

L, O,, article on “ The use of steam apparatus for spraying ” 69 

investigation of spread of asparagus beetle 844 

Hoyt’s Sons, Stephen, steam machine for spraying 72 

Hubbard, Henry G,, article on ^‘Ambrosia beetles^ 421 

Hurricanes, success of forecasts by Weather Bureau 88 

Hydatids, description; production in country slaughtei’houses 160 

Icm*ya pitrchasu (See White scale. ) 

hmpor^ animals, inspection and quarantine. 22 

Imports, agricultural products, 1892 to 1896, inclusive 691 

semitropical fruits and nuts, 1891 to 1896 696 
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Imports, sugar, 1892 to 1890, by leading countries of supply 

• unmanufactured wool, 1892 to 1896, by leading countries of supply. 

Inarching, prac^e with citrus fruit stock 

Inbreeding, source of deterioration of seed 

India, irrigation by use of cheap labor 

Infection, diseases spread from country slaughterhouses. 

Insect control, concfoaions as to problem in California 

contrast of conditions in California with other sections 

in California, article by C, L. Marlatt 

regulations, California system 

Insecticides, machine^ for using 

prepai'ation and use 

use against common asparagus beetle. 

in insect control in California 

of potash salts 

washes and fumigation used in California 

Insects, content of Wue .iay’s stomach 

control by washes and fumigation 

cross fertilization of jilants by visits 

enemies of the olive 

injurious, methods of controlling; remedies 

variation in blue jay's food with season of year 

various families represented in blue jay’s food 

Inspection and quarantine of imj^rtcd animals 

California system against insects 

of animals, ante-mortem, with table; numbers and classes 

cost for poi*k for export 

decrease of average cost 

for food 

payment of cost by produC/Cr; remarks 

pok-mortein, with table, numbers and classes 

statisti(‘s of pork, exi>orts 1892 to 1890 

Southern cattle 
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vessels and Cixport animals, table of numbers, 1893 to 1806. . . 

Interest rates, averages for typical States 

on farm mortgages for groups of States 

Inventions, labor-saving, effect on wages 

Ireland, functions of in'oposed department of agriculture 

Irrigation, definition of terms 

development of favorable sentiment 

“duty of water’’ 

errors in estimates of amoixnt of water required 

extensive employment in Colorado 

features peculiar to Kansas and plains re^ons 

height to which water t^an be mised profitably 

introduction of weed see<ls 

losses of water 
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methods of obtaininitj xvater 179 

necessity for cultivation of Great Plains 171 

on the Great Plains, article by Frederick H. Newell 167 


precautions in construction of wells and pumps 184 

relation to olive culture. _• 377, 878 

root rot caused l)y excess 240 


storage and application of water 187 

suggestion as to extent of first trial 196 


‘ • top dry ” of trees dtie to excess 241 

use m producing timothy 154 

water supply on plains east of Rocky Mountains 160, 172, 174 

Italy, training of grapevines on trees 499 


Java chickens, varieties, advantages, weights 448 

Joinery, use of wood 407 


Blofir corn, influence of weight of seed on earliness 820 

Kainite, occurrence and chemical composition 130 

use as insecticide and fuii^cide 181 

K^sas, attitude of ixeople toxvard irrigation 173 

conditions of agriculture on Western plains 170 
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Kansas^ fertility of the soil in the Western i>art 171 

reputation of flour abroad * 492 

Keffkr, Charles A., article on “Tree planting in waste places on the 

farm” 823 

Kerosene emulsion, extensive use against insects in California 282 

quantity and cost for spraying 282 

in insecticides 621 

use against ambrosia beetles 480 

Kieserite, composition and use as source of potash 122 

Knifiin system of grape training, treatment by years 530 

Koebele, Albert, importation of ladybirds 223 

Krngite, composition and quantity known 122 

Labor, cheap, use in irrigation in Egypt and India.. 181 

Lactuca scarioln, method and extent of distribution 266, 278, 280 

Ladybird, enemies of scale insects, relation to heat and pruning 218 

spotted, enemy of asparagus beetle 346 

Ladybirds, disappearance of imported species 224 

importation against scale insects 223 

time and conditions for effective work 224 

use against white scale 222 

Lands, fertility on the Great Plains, Montana to Texas 167 

methods of lifting water for irrigation of levels 179 

public, statistics as to occupation, grants, etc 558 

Langshan chickens, descriptions, advantages, varieties, weights 456 

Lard, antidote for poison of American water hemlock 143 

Lead acetate, nse as antidote for poison ivy 141 

Leaves, development of thickness by growth near the sea 98 

fungous diseases, treatment 254 

manner of injury by excess of moisture 245 

Limniian olecR (black scale) , injury to olive tree 889 

Leghorn chickens, ago for pullets laying and number of eggs 459 

description of cock and hen 460 

difficnltyin breeding; mating 461 

ori^n, advantages, varieties, and descriptions 458 

raiiK as producers of eggs 458 

standard varieties 461 

Legislation, bounty, history in United States 67 

Calif orni a , action against scale insects 223 

changes in printing law, suggestion of Secretary. . _ 40 

need of protection of olivo industry in United States 373 

recommendation as to payment of cost of inspection 23 

suggestion for safety from plant poisons 141 

suggestions for control of slaughterhouses 164 

Lemon stock, use in orange iiropagation 476 

Light, dependence of plant habits and variation 96 

Lime, salt, and sulphur wash, use against San Jose scale; formula 234 

use as an ad,innct of potash as fertilizer 126 

Limestone soil, suitable variety of grapes 803 

Lindsey, J. B.. article on “ The feeding value of com stover 353 

Live animals, British imports, statistics, 1893 to 1896 80 

demand in .British markets 25 

stock, freight rates Chicago to New York, 1875 to 1896 598 

regulation for control at slaughterhouses 164 

tree planting as means to secure winter runways 824 

Live-forever, distribution by farm machinery 274 

Lodeman, E. G., article on “Pruning and training of gi'apes'’ 499 

Logging, notes on time, method, dangers to logs, and on marketing 417 

London, wholesale prices of dressed meats 25 

Lucerne hay, potash, withdrawal from soil in cultivation 115 

Lumber, factors governing prices 414 

necessity of proper storage 418 

prices in Chicago, 1896 415 

—timber— wood, notes on quality, measurement, etc 628 

Lupton, John S., use of hand machine in spraying 77 

Lye, dangers from use in dairy cleaning 439 

Lysol, use as a substitute for carbolic acid 257 
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Maoarofti, mcce^ of manufacture in United States 493 

wheats, a^ptation of Southern States to growth 493 

Machine-building, mnas of wood 413 

Machinery and implements on farm, use of wood 41 0 

outfit fer extraction of olive oil 335 

Machines, orchard spraying, description 73 

use of steam and hand in spraying orchards 70 

value in shredding corn stover (fodder) 357 

Maize. ( See Com. ) 

Malt liquors, consumption per capita, 1892 to 1896 595 

Mandarin oranges, varieties cultivated in Florida 472 

Mangrove, growth of roots in air in marsh lands 95 

Manure. {See also Fertilizer.) 

barnyard, preservatives 616 

value for varioxis farm animals 616 

stall, preservation from loss by weather 129 

top-dressing for timothy meadow 151 

use in seeding for timothy meadow 149 

Marketing timber, suggestions; importance of sorting 416 

Markets, American apples in England 34 

horses in England 33 

sheet) in England 31 

best for American products 53 

British inqiorts of hog tjroducts 31 

competition of frozen meats with United States products in Eng- 
land ... 26 

Danish hog t)roducts in England 32 

discussion by Secretary of outlook in Euroi^e 28 

exclusion of United States cattle from Continent of Enr<)t )0 . . 28 

suggestions for packing apples for England 35 

variation with climate in preferences as to flour 493 

wood, t)e(* Hilarities in Ignited States 414 

MA-ULATT, O. L., article on Insect control in California" 217 

Marsh lands, demand for iiotash 135 

Maynard, S. T. , spraying by steam at Massfwdiusetts experiment station 75 

Meadow, duration of productiveness of timothy 154 

Meadow'S, aftertrea tin ent of timothy 150 

remedy for “ liidebound ’’ condition 152 

Mealy bug, destruction by iiaiiorted enemy 226 

Meat and cattle trade of ^eat Brlmiu, remarks by Secretary , 24 

import by Great Britain, statistics, 1892 to 1800 29 

inspection, employees ai)pointed upon civil-service certification 18 

improvement under civil-service methods 18 

need in local markets. ... 166 

relation of country slaughterhouses to trichinosis, etc 156, ir»3 

table of certified appointees _ 18 

inspectors, method of appointment 17 

other than beef and hog products, exported to United Kingdon, 1892 to 

1890 - 29 

supply, methods of country butchers in securing 155 

Meats, dressed, wholesale prices in London, 1895 to 1896 25,26 

frozen, competition in English markets 26 

handling in European markets 26 

Megilla maeulata (ladybird), destruction of asparagus beetle 846 

Merc^ndise. domestic, exports, 1890 to 1890..- 596 

Metric system, explanation and tables 634 

Mexican cattle, danger of infection, quarantine 22 

Michigan, system of post training for grapevines 598 

Milch cows, number and value in United States, 1868 to 1896, inclusive 577 

1891 to 1897 574 

on farms, price and total value, J anuary, 1897, by States 575 

rations containing corn stover (fodder) 859 

Mildews, powdery, attacks ujion foliage, treatment 254 

Milk for city use, points of failure in care 132 

preservation Dy use of formaldehyde. « 261 < 

Millet stubble, use of ground for sowing timothy 149 

Minorca chickens, advantages, description, and weights 464 

12 a96 43 
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Minorca chickens, compai’ison with Leghorns A. 465 

Moisture, conservation in soil by potash salts 182 

relation to control of noxious insects 218, 284 

tree planting on waste places on farm 386 

Mules, number and value in United States, 1868 to 1896 577 

1891 to 1897 574 

on farms, price and total value, January, 1897, by States. .. 574 

Mushroom poison, atropine as antidote 145 

quantity causing death 145 

Mushrooms, poisonous varieties and their effects 144 

Mutton, British imports, 1893 to 1896 29 

Mycelium, action in spread of fungous diseases 248, 249, 250 


Navel orange, stocks for propagation 477 

Nectria cinnaharina ^ vvclria (litiftmma, cause of warts in trees 

cumi rbitula, canker in conifers 258 

New England, spacing in setting pine trees 

Haven, Conn., use of steam roa<l engine in spraying 80 

Newell, Freoerick U., article on “ Irrigation on the Great Plains '' 167 

Nitrogen, collection by roots of cowpeas 289 

Normal schools, teaclnu’s of agriculture in Belgium J16S 

North Carolina, rediscovery of i>oihon sumac 140 

Noxious animals, breeding to get bounty 04, 05 

esseiil ials for ijI an of extermiuati on 50 

extermination by bounties, article by T. S. Palmer. 55 

means of extermination more eflVetive than bounties. . . 05 

results of bounty laws for extermination 58 

substitutes for bounty for extermination (57 

summary of olforts at extermination 07 

table of bounties by St.ates, 1871 to 1895 (50 

No5iz1os for spraying, notes j 79, 85. 8? 

Nursery, location on farm for forest trees 538 

species of trees for farm 827 

stock, distribution of weeds 2M 

Nut grass, method and extent of distribution 274, 281 

trees, advantages of mixture with lower growth 5J59 

suggestions for planting in waste places 

Nuts, native, reason for lack of attention 3lis 

portion of blue jays food 20^ 

semi tro 3 )i cal, production, 1880; imports, 1891 to 1896 596 

training of trees for iiroduction 859 


i 


Oats, acreage, production, and value, 1890, by States 

disposition of croj) of 1890, by States 

mixture of weed seeds in seed... 

potash, wiilidrawal from soil in cultivation 

Iiroduction, JS94 to 189(3, inclasive 

wholesale price in leading cities of United States, 1892 to 1896 

Offal, danger of use as feed for hogs 

disp'osal atc ountry slaughterhouses 

by burning 

su^estion for mcdliod of disposal 

Office of Experim nit Stations. {See Experiment Station, Office.) 

Fiber Investigation. {See Fiber Investigation, Office.) 

Public Road Imiuirics. {See Public Road Inquiries, Office. ) 

Oil, olive, method of extraction 

sale of substitutes 

three grades Irom olives atpres.s 

time and method of gathering fruit 

two processes of clariff cation .... 

Olive, age, time, and method of transplanting 

annual pruning for fruit 

best location f or the orchard 

varieties of trees for oil 

^ care of fruit between gathering and pressing 

characteristics for pickling 

character of the fruit 


567 
56 ') 
277 
114, 115 
5' 57 
. 58! 

. J 
. 155 

. 166 
. 1(58 
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. 373 

.. 385 

. 38fJ 
. 386 

379, 380 
. 381 

. 377 
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Oliv^, classeB of pickles and methods of pickling in California : 587 

cultivation in California without irrigation 878 

culture in United States, article l)y Newton B. Pierce 371 

on dry hillsides ... 877 

diseases in Europe and United States 389 

distance for planting trees 379 

experiments in pollination 3S3 

extent of cultivation in Unit<^d States; note 890 

extraction of oil 385 

imports of fruit and oil into United States 390 

injury by Mack scale in California - 220 

loss by lack of pruning 383 

method and ] lurposos of pruning 880 

of cultivation at Naples 878 

methods of grafting in California 370 

propagation . 373 

minor methods of iiropagatiou 875 

necessity for cleanliness in handling oil 886 

need of proiection from dif^oase in United States 889 

needs of i iidustry in Unit ed States 373 

outlook for culture in United States 373 

picklt^s, method of iiurtiiig up» and prices 887, 888 

present acreage in United States 373 

prop^*r time for gathering for oil 886 

region in TTnitod States 371 

selection of varieties for planting 383 

size and oil content of fruit 883 

sweet varieties in California 383 

thrift and longevity in (California 371 

time for picking 888 

uses and consumption in United States 873 

varieties (‘.‘isily rooted by cuttings, 874 

Cjpv n f'ia inujlnna a tt i. ( Pear cactus. ) 

(Arango. (SVv c/.so Citrus fruits.) 

and otlier* citrus fruits, methods of propagation, article by Herbert 

J. Webber 471 

danger <»f sjiotting by I'esin wash 383 

leaf rupt , ovtent of dMinage to wheat 497 

lU’opagaTion, adaptation o£ stocks to soil 476 

by seedling trees 471 

elfect of st<)ck on fruit- 477 

prepurAtiou of seed 473 

tho seed bod 473 

tiiiK' and manner of tran.splanting 474 

< I f pL mting and c ol tivation of seed bed 473 

Orchards, best machine for spraying 73 

cl lea]) outfit for spraying. 638 

hand spraying in California 71 

pricf^ of spraying per trw 77 

spraying by ihachino 70 

in California with steam ajiiiaratus 78 

Owls and hawk’s, (Ti’onooue ideas as fx) habits 028 

Oxen and Imlls, ('xx)orts to United Kingdom, 1893 to 1890 80 

other cattle, number and value in United States, 1808 to 1890 577 

1891 to 1897.... 576 

on farms, price and total value, January, 1897 575 

0-\ygen, s]>cci.il roots of swamp trees to secure supply... 95 

Ozonium. (nirivomnni (fungus), cause of root 3*ot 348 

Pacific Coast, occurrence of poison ivy 140 

Palm I5R, T, S. , article on * ‘ Extermination ol noxious animals by bounties ”, 55 

Parasites, im^mried and predaceous enemies of scale insects ^2 

miscellaneous fungi of stems of trees 353 

use of native species against scale insects 337 

Parks, reason for “top dry ” of trees 330 

Parsnip, devolot)meiit of large roots in wild variety 104 

Pasture, use of timothy meadow 150, 151 
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Pear cactns, Hqnor for tents for fumigation : 830 

Pearson, E. A., article on “Care of dairy utensils ” 481 

Peas, change of varieties propagated from seed 105 

development from light and heavy seed, diagram 818 

early maturity from heavy seed 816 

exi>eriment with seed of different weights, tables of results 815 

X)Otash, withdrawal from soil in cultivation 115 

Pecan, range of growth and variation of nuts 888 

Persian wheel, use in lifting water for irrigation 181 

Pettigrew, J. A., spraying with steam apparatus at Brookl 3 ui, N. Y 81 

Phallin, poison principle of mushrooms, action, fatal dose 145 

Phosphoric acid, relation to potash in use as fertilizer 128 

Phytoptus oleivorus (rust mite) , foothold at San Diego, Cal 822 

Pianos and organs, wood for construction 412 

Pickles, olive, classes and method of preparation 887 

PiEROE, Newton B., article on “Olive culture in the United States 871 

Pieters, A. J., article on “Seed production and seed saving” 207 

Piles, qualities of wood, discussion . . 405 

Pine, varieties adapted to dry lands in Western States 838 

varieties on waste land 827 

Pipe, use in conveying w’ater for irrigation 101 

Plant environment, similar effects on different families of plants. 89 

food, ideal ration 128 

growth, relation of heavy seed to early stages 820 

lice, destriK^tion by use of potash 134 

poisons, neutralization by heat and alcohol 138, 145 

varieties, departures from true type 105 

enlargement of demand for production 100 

intiuenco of environment in origination, article by Herbert 

J. Webber 89 

mixing by cross fertilization . . / 211 

selection as method of formation 103 

time necessary for fixing characteristics 101 

variation, effect of changed conditions 91 

cultivation and other causes 00 

suggestions for inducing as desired 101 

two purposes of watchfulness 105 

Plantain, introduction from Europe 213 

Planting, method for cowi)ea8 - 201 

variation of season as means of securing new varieties of plants. . 102 

Plants, domesticated, species carrying weeds in seed . . 270 

fungous diseases, treatment; formula for fungicides 625 

ways of producing seeds 208 

Platte Biver, possibilities of use for irrigation 176 

Platypus, compositus, etc. , manner of life and attacks on trees 425 

Plowing, time and methods for wheat 490 

Plums, native, demand for development 304 

Plymouth Rock chickens, origin, varieties, advantages, weights 445 

Poison, case of in j ury in spraying with arsenate of lead 87 

hemlock, fatality, symptoms, treatment 143 

varieties, i)oison constituents 142 

ivy, essential harmful constituent and antidote 140, 141 

experiments exhibiting injury and remedy 141 

region of occurrence, varieties, appearance, other names 189, 140 

mushrooms, death cup, its appearance and action 144, 145 

harmful constituent of Amanita, death cup 146 

precautions in use in spraying 87 

Poisonous plants, article by V. K. Chesnut 187 

rules in determination of character 137, 138 

Pollination, value in olive culture 882 

Polyhalite, composition, occurrence and use as fertilizer 121 

Polyporus igniarius (fungus), cause of white rot of oak 262 

mlphureuH, cause of red rot of oak 252 

versicolor, cause of root rot 250 

Pomology, Division, organization and duties 557 

Ponds for irrigation, construction and use - 187 

Pork, inspection for export, amount 20 



IKDEX, 


677 


Past. 

Park, ^microscopio inspection for export, cost 21 

pickled, freijkht rates, Western centers to seaports, 1898 to 1896 598 

m Honn x„ ><orxi9 OA 


Potash, amount available in soil 116 

in one acre 112 

annual consumption of salts 119 

average quantity per acre removed by cereal crops 114 

best mndla for fertilizer 127 

changes in deposits - - 120 

conclusions as to its use as fertilizer 134 

conditions for best results in use as fertilizer 126 

deposits at Stassfurt, Germany 117 

distribution in soil and subsoil 110 

the soil 109 

function in agriculture, article by H. W. Wiley 107 

indirect eifects of salts 132 

influence on decomposition of minerals - 132 

injuries to crops by salts. . . . . . - 129 

loss during weathering 107 

manufactured compounds for use as fertilizers 122 

methods of preparation of high-grade silts 119 

origin and location of deposits . . . ? 110 

in soil... - 107 

percentage in feldspars - lOS 

removed from soils by acids like root acids. . 112 

possibility of deposits in North America 119 

quantities in dry vegetable substances 115 

quantity withdrawn from soil by important crops 113 

relation to other mineral ingredients in salts 109 

relative activity of solvents . - 111 

quantities in kernels and straw 115 

salts, composition 120 

table showing chemical analysis 123 

sources other than iimieral . . . ' 123 

tost of soil as to need as fertilizer 116 

time and method of application as fertilizer 130 

of application 130 

use of kaiiiite, etc. , as insecticide and fungicide 134 

variation in withdrawal fiom soil in different years 113 

Potassium sulphide, use against smut in wheat 406 

Potatoes, acreage, iiroduction , and value, 1893 to 1 896 _ . 571 

1806, by States 571 

freight rate.^. Western centers to Atlantic ports, 18^13 to 1897 598 

injury hy chlorine in fertilizers . 129 

potash, withdrawal from soil in cultivation 1 14, 115 

Potomac Valley, spread of chondrilla 282 

Poultry, (iS'ec also Chickens.) 

cowpeas as feed 293 

Pt^ays olca^llus, injury to olive tree 889 

Prices, American apples in England 84, 35 

bacon ill England 32 

horses in England 33 

sheep in English markets 31 

cattle and l>cef on Engl ish market 28 

excess a proof of fraud 491 

factors governing lumber 414 

lumber in Chicago in 1 896 415 

of Department publications 39 

potash for fertilizer - 128 

wholesale dressed meats in London, 1805 to 1806 26 

Prickly lettuce, method and extent of distribution 200, 278, 280 

Printing, expense under charge of Department branch office 41 

Profit, question of early returns in tree planting ... 335 

Pruning and training of grapes, article by E. G. Lodeman 499 

labor in arbor system of training j*. 5t9 

method and purposes with olive trees 380 

for wall and greenhouse training of grapes 533 
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Pruning, inethotl in horizontal arm spur system of training grapes. * 1 &()8 

number of canes and spurs on grapevine 514 

position of hearing wood left on grapevine 504 

purpose with the grajievino 501 

time for grapevines 511 

treatment of grapevine in successive years 508, 509, 511, 513 

use against scale insects in California 218 

in producing plant variation 103 

to prevent injuries to trees 344 

Publications, agricultural, change in niothods of distribution J59 

Department, discouragement of pnvato enterprise _ 40 

expense of branch printing office 40 

growth in number 41 

incroaso in cost of priti ting 41 

list July 1, 1895, to Docomber 81, 1806 687 

notes on classes, distribution, j payment, etc 086 

objections to 100*pago restriction 40 

suggestions for economy 40 

supi>ly of plab‘S to private parties 40 

Division, inclusion of distribution in work 41 

growth of work 41 

organization and duties 558 

relation of api)roi>ria1ion to increase of work 41 

Public domain, statistics as to occupation, grants, etc 55H 

Road Inquiries, OflSico, scope of work 557 

Piiccinia injury to wheat 497 

Pumps, kinds used in lifting water for irrigation 181 

precautions necessary in use for irrigation 184 


Quarantine. Ckilifornia system against insects.. 318 

of imported animals, numbers by stations 23 


Radish, influenco of heavy seed on early d(*volopment 

])roduction from charlock by liberal food supply 

Railway ties, ‘‘life ” as measure of durability of woods/. 

reckoning nnniber in standing timber 

Rains, uncertainty on idains, Montana to Texas 

Rations, calculation for dairy < ow 

suggestions of mixturt\s for milch cows 

Rats, suggestions for destruction at slaugliteihonses 

Recomniendations by tSecrotary, changes in printing laws 

for Department work 

law for Ibireauof Animal Industry 

imed of director of ,s<*ientifio work 

Red rot of oak, method of parasitic attjc.Iw 

scale, region of ravages 

Renewal in grape training, time and manuf r _ 

Reservoir gate, metliod of building and xnotection 

Reservoirs, construction and use in irrigation 

Resin wash, use against scale insects in Cabtornia; formula 

Rhizobius too}room J>a\ efficiency against scale ixisvcts 

i^eui rails, attack on black sralc 

RJius radicals, R. div^^rsiloha, etc. Poison ivy.) 

Rib grass, distribution by agency of clover s<*<»d 

Rivers, use in Great Plains for irrigation . 

Roads, use of >Yood in building railways and streets 

Roller, use ill x>reparation of wheat ground o x Wwtern plains 

seeding for timothy meadow 

Root acids, study of action by means of laboratory research 

development, comparison from heavy and light seed 

grafting, experiments with California orange scions 

rot, plants subject to Southern varn'tj’^ 

jirevention of spread by ditching. 

symptoms and treatment 

IBoiots^ development by selection and cultivation 

diseases of trees from fungi 

necessity of oxygen to growth 

si)ecial ^owth in swampy grounds tt) supply oxygen 


93 

93 

401,403 
. 416 

. 1(;8 
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. 559 

. 164 

40 
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34 
13 
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. 331 

. 539 

. 189 

. 188 
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Rdbtstoclca, aid in spreading of weeds 264 

Roth, Filibebt, article on “ The xises of wood ” 391 

Rtinners, Hpread of weeds - 264 

Running roots, spread of Canada thistle, etc 264 

Russian thistle, introduction into Colorado and Idaho 270 

method and extent of distribution 268,281 

Rust, black stem, real cause of loss in wheat . . 497 

fungi as cause in trees - 254 

in wheat, suggestion of error as to injurious species 497 

mite, foothold in lemon district at San Diego, Cal 232 

variation with climate in resistance by wheat varieties 497 

Eye. potash, withdrawal from soil in cultivation 115 


Salaries, comparison of Department of Agriculture with other services 10 

inadequacy for higher oiiicials of Department of Agriculture 15, 17 

SalLv purpurea (willow), jdanting and eultivation for binding soil 838 

Salsola kali trarpn, method and extent of distribution.. ^ 268,281 

Salt, effects in air and water on plant growth 98 

use in scouring dairy uUmsiis 410 

water, effect oi use in watering paw 98 

use in removal of mushroom j^oison _ 1 16 

Sanitary i)olice, need at slaughterhouses 165 

San Jose scale, California remedy 231 

destruction by lime, salt, and sulphur wash 234 

Savings from Department appropriatioiivS, 1893 to 1 W, inclusive 9 

S(‘ale insects, iin])orted and prodaeeous enemies 232 

minor varieties in Ca1ifoi*nia . . 233 

worst (diliforiiia varieties . 220 

Sehoenite, eompositioii and use 122 

ScH WEIMTZ, E. A. 3>K, article on “Some modern disinfectants’* 255 

Scientific assistants in agriculture, method of t-ecuring by French ministry. 548 

work, duties of )>roposed office of director 14, 15 

necessity of settled policy in Department of Agriculture . 14 

need of tlirecdor in Department of Agriculture 13 

ratio to other work in Department of Agriculture 13 

Scions, length and insrudion in citrus fruit grafting 485 

Scott, John, table showing strength of cheuiicals in fumigation 228 

Sea, effects on variation of plants 98 

gra])e, growth on seaside dunes and under cultivation 98 

water, production of potash through geologic changes 117 

Secretary of Agriculture, duties 555 

report t o President 9 

suggestions and recommendations 13, 

24,35,40,44, 47,48 


Seed, iipparatus of weeds for scattering 

bed, farm nursery, forms of shade 

preparation and protection for orange planting 

benefit of exchanges between difi’erent sections.. 

cleaning, means of escape from weed.s 

conditions of success in homo growing 

desirability of knowing origin 

development of the ovulo 

difficulty of keeping pure for melons, stjuash, tomatoes, etc 

discussion of experiments as to germination 

results from planting different sizes 

distrilmtion by Ik'partment, contracts for 1897 

extent and cost 

remarks by Secretary 

drift over frozen ground or snow. 

effect of plant relationship on value 

grass, table of number, weight, cost, and amount to sow, . , 

weight and cost of four mLxtures 

growing of timothy 

harvesting and storage 

cowpeas - 

importance of ancestry 

selection 

influenco of cross fertilization on value 


265 

330 

473 

93 

270 

215 

307 

209 

214 

322 

314 

43 

43 

42,43 

267 

213 

633 
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.. 216 
- •294 
. . 309 

. 305 
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Seed, la:^e. heavy, superior value, article by Gilbert H. Hicks and John C. 


Dabnev 305 

length of flight in wind 267 

method of forcing development in hot climate 97 

methods of production _ 208 

selection 306 

northern, advantages and objections 808 

objections to home growing 214 

principles governing selection 806 

production and saving, article by A. J. Pieters 207 

propagation of the orange 473 

provision among weeds for flying in wind 266 

rate of rolling over frozen ground 268 

root development from different weights 818 

saving and planting for trees in farm nursery 828 

selection of plants 807 

manner of conducting experiments 810 

standards, purity and germination 623 

suggestion for improvement l^y fanning 307 

table of purity and germination for field and garden 624 

test before purchase 805 

hv Department before distribution 42 

use of different sizes in producing plant variation 92 

value in development or varieties of plants 207 

wheat, selection; experiments as to advantages of large grains 495 

Seeding, manner in making timothy meadow 148 

time for 'wheat 491 

Seedless fruits, means of production 101, 102 

Seeds, relation of sexes in flowers to production v 208 

to use of fertilizers 131 

spread of noxious plants by irrigation > ... 1 179 

Seepage spots, suggestions for tree planting 820 

Self-fertilization, comparison with cross fertilization 212 

relation to production of seed 200 

Sha()e and ornamental trees, diseases, article by B. T. Galloway and Albert 

F. Woods - 237 

trees, economy of power apparatus for sin-aying in cities 88 

rapidity of spraying, amount of insecticide, etc 83 

successful spraying by steam machines, details 78 

Shading, protection of bark of trees from siditting in winter 246 

Sheep, American, drawbacks on British market 81 

growth of British market in 1 HOC 81 

amount and value of manure 616 

and cattle from Argentina 25 

export for 1898 to 1896; cost of inspection 21, 22 

feeding standards, Wolff’s tables 509 

freight rates Chicago to Hew York, 1875 to 1896 598 

imported from Canada 23 

live, shipments 27 

losses by wolves in the West in 1892 56 

number and value in United States, 1868 to 1896 677 

1891 to 1897 576 


on farms, price and total value, January, 1897, by States _ 

percentage of loss in transatlantic shipment 

scab, injury to market for American sheep in England 

statistics of inspection and rejection 

Shield buddii]^, propagation of citrus fruits 

Shipbuilding, use or wood 

Silt, in irrigation, insignificance of value 

Silts, relation of potash to other ingredients 

Siphon, use in carrying water for irrigation 

Skim-milk tank, care at dairy 

' Slaughterhouses, conclusions as to management and control 

country, factor in spread of disease, article by Ch. Wardell 

^ ‘ * Stiles - 

materials for Imildings 

notes from field observations 

preve^ive methods against spread of disease 

reply to objections to public control 


576 

23 

31 

19 

481 

407 

179 

109 

188 

444 

106 
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164 

156 


161 


163 
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Slautfhterhouses, segregation as sanitary measure 161 

Smith, Jabed G., article on “ Cowpeas 287 

Smut in wheat, cause and preventives 496 

loose, results of experiments for remedies 496 

use of f onnaldehycle in desti-oying _ 259 

Soaps, kinds unsuitable for dairy cleaning 439 

Soft scales, control by use of Crj/ptokemus montrouzieri 226 

wheats, region of growth 492 

use of flour in manufacture of crackers 494 

Soil, conditions affecting availability of potash 116 

cause of diseases of trees 239 

danger of hardening by use of potash salts 131 

distribution of potash in soil and subsoil 110 

effect of change on plant vigor and variation 93 

potasn in holding moisture 132 

upon growth and system of training grapevines 506 

influence of fertility on plant variation 94 

physical character on plant changes 93 

on character of seed 308 

kinds requiring potash, . . 125 

need of close luanting of trex^s to imx)rove waste places 386 

planting of trees for binding . 337 

potash in one acre _ 112 

rate of exhaustion and hold on potash and otlier fertilizers 113 

relation of aeration to plant health. . . . 240 

to differences in varieties of trees 237 

renovation, efficiency of cowpeas. 288 

selection for farm nursery 829 

solubility of particles of varying sizes 109 

Soils, some typical, tables showing texture 602 

Soja bean, diagram showing results from se<*ds of different sizes 309 

experiments with seed of different weights 811 

table of results with light and heavy seed 312 

Soldier bugs, destruction of asparagus beetles 846 

Southeni States, adaiitation of cowpeas to needs 287 

to growth of macaroni wheats. 492 

damage to wheat by black-stem rust 498 

system of grape training . 524 

Southwick, E. B., spraying of shade trees in New York parks, . 84 

Sparrows, faHure of attempts to e \ terminate by bounty . . 66 

Spines, development under varying conditions 96 

Spirits, distilled, consumption per capita, 1870 to 1896 595 

Spray, hot, use against insects in California 231 

Spraying, advantages of gasoline motor machine 85 

cheap orchard outfit . 623 

growth of use against insects 69 

Iirecantions against poisoning 87 

relation to use of ladybirds against scale insects 225 

steam apparatus, daily capacity and cost 76 

details of construction 78, 80 

for city shade trees, details of oi>eration 78 

machine compared with hand 82 

united private efforts, recommendation, and obstacles 86 

use against fungous diseases of leaves 254 

or steam apparatus, article by L. O. Howard 69 

conclusions 87 

Squirrels, ground, cause of heavy losses in grain fields 56 

Stables, use of formaldehyde in disinfection 261 

“ Stag head. ” (See ‘ ‘ Top dry. ) ” 

Stassrurt, Germany, deposits of potash 117 

Stations, weather and meat inspection, and locations 15 

Statistics, Division, organization and duties 556 

Staves, heads, shingles, etc., damage from ambrosia beetles 430 

Steam and superheated water, use as insecticide 230 

chest, construction and use in dairy . f38 

closet, use in large dairies 438 

comparison with gas as insecticide 231 

merits as disinfectant 255 
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Steam, risk in use of vacuum pump in irrigation * * 184 

spraying apparatuses, daily capacity 76 

machines, objections * 88 

tank, necessity and use in creamery 487 

use in sterilization in dairy 437 

of engines in pumping for irrigation 186 

Steaming, preparation of corn stover for feeding 359,800 

Sterility, changes of condition and excessive cultivation as causes. . ... 100 

result of reduction in size by use of small seed 93 

Sterilization, application in dairy 437 

suggestions for the dairy 440 

Stiles, Cii. Wardell, article on ‘‘The country slaughterhouse as a factor in 

1 h e spread of disease ' ' 155 

Stock. {Sre also Live siook.) 

yards and abattoirs, ante-mortem insiH^ction of auimals 19 

Stocks, local (consideration in grafting 477 

selection in luopagation of citrus fruits '476 

Stool system for propagation of olives 875 

Storm 'waters, problem of ns(3 for irrigation 170 

Strawberries, care in selecting plants for new beds 98 

Strawberry, mistake as to evolution 398 

Streams, use for irrigation on Western xdains 175 

Subsoil, distribution of potash ... 110 

Sugar, average jn-ioe and con^^tniiption, 187H to 1895 . 595 

beets, danger from chlorine in fertilizers 139 

otash, withdrawal from soil in cultivation 1 1 1, 1 15 

cane, ijotash, withdrawal from soil in cultivation Ill 

imports, 1893 to 1890, by leading countries of supply 594 

Sun scald, danger to nut trees . . 88J* 

nature, causes, and preventives 348 

Swami) lands, availability by drainage 830 

sxiecial ro(>ts of i*ypress and mangrove t)4 

Swine. (S'cc Hogs,) 

number and value in United States, 1808 to 1890 577 

1891 to 1897 510 

on farms, price, and total value, January, 1897, by States.. 570 

Sylvino, composition and sapi>ly 133 

Sylvinite, composition and supply 133 

Tangerine and other oranges, stocks for budding 477 

Tanks, use in irrigation 187 

Taije worms, disseiiiination by offal tOO 

Ta.vodiu ni d ist ich a ni ( cypress ) , chan ge in habit of growth 91 

Tea, consumption per capita, lyTO to 1890 595 

Temx>erature, degrees necessary for storilizalioii 441 

effect on idant growth and adaptations 9r> 

limit in use of steam as inse(*.ticidc 381 

Tents, styles used in fumigation against insects 239 

Timber, considerations in farmers’ marketing 419 

control of young growth of trees 838 

injury by ambrosia l>eetles . . 433 

—lumber — wood, notes on quality, measuiement, etc 038 

method of harvesting by farmer 430 

making inventory by count 410 

profitable marketing of small tract 418 

rule for reckoning volnnio in the tree 410 
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